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PREFACE 


TO 

THE    THIRD    EDITION. 


During  the  short  period  that  has  elapsed  since  the  pubhca- 
tion  of  the  Second  Edition,  many  important  researches  have 
been  published  relating  to  different  departments  of  Botany ; 
but  they  do  not,  as  a  rule,  affect  the  knowledge  which  has 
to  be  placed  before  a  young  student.  Only  two  alterations 
of  any  importance  are  introduced  into  this  edition.  The 
most  recent  theory  of  the  structure  of  Characese  negatives 
the  view  that  this  small  group  exhibits  any  true  alternation 
of  generations,  and  the  paragraph  on  this  subject  on  p.  296 
has  therefore  been  modified.  The  use  of  the  term  *  pro- 
embryo'  for  the  immediate  product  of  the  spore  of  Muscineae 
and  Vascular  Cryptogams,  although  sanctioned  by  many 
high  authorities,  is  misleading,  as  implying  a  homology  with 
the  *  pro-embryo '  or  suspensor  of  Phanerogams,  a  structure 
which  finds  its  homologue  in  the  Selaginellese  alone  among 
Crj'ptogams.  This  term  has  therefore  been  uniformly  re- 
placed by  *prothallium.'  Attention  should  also  be  directed 
to  the  important  memoir  of  Elfving  on  the  Pollen-grain  of 
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Angiosperms,  from  which  it  would  appear  that  the  distinction 
hitherto  supposed  to  exist  between  the  pollen-grains  of 
Gymnosperms  and  Angiosperms,  in  the  former  being  multi- 
cellular, while  the  latter  are  unicellular,  must  be  abandoned, 
cell-divisions  being  generally  present  in  all  alike,  at  least 
at  an  early  stage. 

A.  W.  B. 

6  Park  Village  East,  Regent*s  Park: 
August  1879. 


PREFACE 

TO 

THE    SECOND     EDITION. 


The  call  for  a  second  edition  of  this  work  within  a  twelve- 
month after  the  publication  of  the  first  seems  to  indicate 
that  it  has  done  something  towards  filling  the  place  which  it 
was  hoped  it  might  occupy.  Advantage  has  been  taken  of  the 
reprint  to  correct  a  few  inaccuracies  in  the  first  edition,  and 
to  transfer  a  few  emendations  from  the  fifth  German  edition. 
During  the  past  year  more  progress  has  been  made  in  the 
minute  examination  of  Cryptogams,  and  in  their  re-classi- 
fication, than  in  any  other  department  of  Botany.  Van 
Tieghem  maintains  that  the  rod-like  bodies  of  the  P3n'eno- 
mycetes,  termed  by  De  Bary  Pollinodia,  have  not,  in  reality, 
any  male  function,  but  are  mere  strings  of  conidia.  Comu 
has  also  thrown  doubt  on  the  supposed  fertilising  power  of 
the  Spermatia  of  certain  Ascomycetes,  which  he  has  induced 
to  germinate  directly  under  favourable  conditions.  Brefeld 
has  obtained  within  the  *  sclerotia '  of  Penicillium  the  true 
organs  of  reproduction,  carpogonia  and  antheridia,  which 
determine  it  to  belong  to  the  Ascomycetes,  being  a  de- 
graded form  near  the  Tuberacese. 
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In  the  fourth  edition  of  Sachs's  *  Lehrbuch  der  Botanik ' 
an  entirely  new  classification  of  the  whole  of  the  Crypto- 
gams is  adopted  Although  this  has  not  yet  appeared  in  any 
systematic  English  work,  it  rests  on  such  a  sound  scientific 
foundation  that  it  must  ultimately  come  into  general  use 
in  its  main  features  ;  a  brief  epitome  of  it  is  therefore  here 
presented  to  the  English  reader. 

The  whole  range  of  Cryptogams  is  divided  into  three 
groups  :  Thallophytes  ;  MusciNEiE ;  and  Vascular 
Cryptogams. 

I.  In  the  classification  of  Thallophytes,  the  old  divi- 
sion into  Algae  and  Fungi  is  disregarded  as  a  primary 
distinction,  and  they  are  arranged  undei*  four  classes,  de- 
pendent on  the  nature  of  the  reproductive  organs,  each 
class  consisting  of  two  parallel  series,  the  first  containing 
chlorophyll  (Algae),  the  second  not  (Fungi). 

1.  Protophyta.  No  sexual  mode  of  reproduction 
known,  propagation  by  fission  only.  This  class  includes, 
in  the  first  series,  Cyanophycecs,  characterised  by  a  blue- 
green  colouring  matter,  and  comprising  Chroococcaceae, 
Nostocaceae  (p.  255),  Oscillatorieae,  Rivularieae,  and  Scyto- 
nemeae ;  and  Falmellacece  (in  part) ;  in  the  second  series, 
Schizomycetes  (Bacteria,  p.  259) ;  and  Saccharomyces 
(Torula,  p.  277). 

2.  ZYGOSPOREiE.  Reproduction  by  the  union  of  two  ap- 
parently similar  cells.  These  are  classed  under  two  divisions, 
according  as  the  conjugating  cells  are  motile  or  stationary. 
Zygpsporeae  with  motile  conjugating  cells  of  the  first  series 
are  the  Volvocinece  (p.  256),  and  Hydrodictyece  (p.  256) ;  of 
the  second  series  the  Myxomycetes  (p.  283);  with  sta- 
tionary conjugating  cells,  of  the  first  series  the  Conjugaice 
(p.  256),  including  the  Mesocarpeae,  Zygnemeae,  Desmidieae 
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(p.  256),  and  Diatomacese  (p.  256) ;  to  the  second  series 
the  Zygomycetes y  including  the  Mucorini  (p.  281)  and  the 
Piptocephalidse. 

3.  OosPOREiE.  Reproduction  by  oospores  resulting  from 
the  fertilisation  of  a  comparatively  large  oosphere  by  minute 
antherozoids.  To  the  first  series  belong  Sphceroplea ;  the 
Siphonece  (p.  257);  (Edogoniece  (p.  259);  and  Fucacece 
(p.  257) ;  to  the  second  series  the  Saprolegniece  (p.  281); 
and  Peronosporece  (p.  281). 

4.  CARPOSPOREiE.  The  result  of  the  fertilisation  of  the 
female  organ  (carpdgonium)  by  the  antherozoids  is  not  the 
immediate  production  of  an  oospore,  but  the  formation  of  a 
fruit-like  body,  the  sporocarpy  in  which  a  number  of  cells 
besides  the  true  reproductive  cells  take  part,  and  in  which 
are  produced  the  carpospores,  which  ultimately  germinate. 
To  the  first  series  belong  the  Coleochcetece ;  Florideoe 
(p.  259);  and  Characeoe  (p.  291)  ;  to  the  second  series  (true 
Fungi)  the  Ascomycctes  (p.  282),  including  Gymnoascus, 
the  Discomycetes  (p.  283),  Erysiphese,  Tuberacese  (p.  282), 
Pyrenomycetes  (p.  282),  and  Lichenes  (p.  285) ;  the  jEcidio- 
/?/>'^<f/<?j  (Uredinese,  p.  281);  and  the  Bastdiomycetes  {^,  282), 
including  Exobasidium,  the  Tremellini  (p.  282),  Hymeno- 
mycetes  (p.  282),  and  Gasteromycetes  (p.  282). 

II.  The  MuscinesB  retain  their  old  subdivision  into  the 
two  classes  :  i.  HEPATiCiE  (p.  296),  and  2.  Musci  (p.  301). 

III.  Vasculax  Cryptogams.  The  primary  distinction 
between  the  Isosporous  and  Heterosporous  forms  is  aban- 
doned, and  the  group  divided  into  three  classes. 

1.  EguiSETACEiE  (p.  316). 

2.  FiLiciNEiE.  Isosporous  or  heterosporous  ;  the  non- 
sexual generation  has  large  leaves,  bearing  the  s^^^-asv^-a.  Ssv 
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sori  usually  on  the  under  side  of  the  leaf.  These  comprise 
the  Stipulatce  (isosporous,  non-sexual  generation  usually 
unbranched,  leaves  stipulate),  including  Ophioglossaceae 
(p.  322),  Marattiaceae  (p.  316),  Osmundacese  (?)  (p.  316), 
and  Schizpeacese  (?)  (p.  316) ;  the  Filices  (isosporous,  non- 
sexual generation  usually  much  branched,  leaves  not  sti- 
pulate), including  Gleicheniaceae  (?)  (p.  316),  Hymeno- 
phyllacese  (p.  316),  Cyatheaceae  (p.  316),  and  Polypodiaceae 
(p.  316) ;  and  the  RhizocarpecB  (heterosporous,  p.  324), 
including  Salviniacese  (p.  327),  and  Marsileaceae  (p.  327). 

3.  DiCHOTOMi. '  Isosporous  or  heterosporous,  non-sexual 
generation  repeatedly  dichotomising,  with  very  small  leaves, 
sporangia  solitary  and  axillary.  They  comprise  the  isosporous 
Lycopodiacece  ( Lycopodiese  of  the  present  work,  p.  332), 
including  the  Lycopodieae,  Psiloteae,  and  Phylloglossese ; 
and  the  heterosporous  Ligulata,  including  the  Selaginelleae 
(p.  332),  and  Isoeteae  (p.  332). 


A.  W.  B. 


6  Park  Village  East  : 
December  1877. 


EDITOR'S    PREFACE. 


The  original  of  the  present  work  is  the  recognised  Text- 
book  of  Botany  in  use  in  the  technical  schools  of  Germany ; 
and  its  success  in  fulfilling  the  object  for  which  it  was 
written  may  be  inferred  from  the  fact  that,  published  for  the 
first  time  in  1869,  ^^  ^s  now  in  a  fourth  edition.  An  English 
translation  and  edition  has  been  undertaken — primarily  at 
the  suggestion  of  the  Rev.  Alexander  Irving  of  Wellington 
College — fi'om  the  belief  that  no  work  of  the  same  scope 
is  yet  to  be  found  in  the  English  language,  embracing  the 
whole  range  of  Elementary  Botany,  and  yet  of  a  size  and 
price  to  bring  it  within  the  reach  of  nearly  all  students  of 
Natural  Science. 

One  of  the  great  objects  of  a  study  of  Natural  Science 
being  the  cultivation  of  the  observant  faculties  in  relation  to 
the  phenomena  of  nature,  the  greater  part — and  that  the 
most  usefiil — of  the  student's  knowledge  must  always  be 
gained  in  the  field,  or  with  the  dissecting-knife  in  hand. 
Still  he  will  need  to  be  guided  by  the  experience  of  previous 
observers,  and  to  be  acquainted  with  the  recognised  de- 
scriptive terms  used  in  his  science.  It  is  for  these  purposes, 
and  not  to  replace  the  necessity  for  observations  of  his  qh^w^ 
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that  he  should  use  a  Text-book.  Examiners  in  Natural  Science 
now  almost  universally  attach  great  importance  to  dissecting 
and  microscopical  work,  as  the  best  indication  of  practical 
acquaintance  with  the  subject,  without,  however,  abandon- 
ing the  additional  test  of  requiring  clear  and  correct  answers 
to  written  questions. 

In  editing  the  present  work,  the  object  especially  kept 
in  view  has  been  to  make  it  useful  to  candidates  preparing 
for  the  Science  examinations  conducted  by  the  Educational 
Department  at  South  Kensington,  or  for  those  at  the  Uni- 
versity of  London.  Botany  now  forms  a  portion  of  nine 
different  examinations  at  the  London  University  : — the  Pre- 
liminary Scientific  Examination  required  from  all  medical 
students  (both  the  Pass  examination  and  that  for  Honours) ; 
the  First  Bachelor  of  Science  (Pass  and  Honours) ;  the 
Second  Bachelor  of  Science  (Pass  and  Honours) ;  the 
General  Examination  for  Women  (Honours)  \  the  Doctor  of 
Science  in  Vegetable  Physiology ;  and  the  Doctor  of  Science 
in  Systematic  Botany.  In  the  first  five  of  these  (the  Pre- 
liminary Scientific  Pass  and  Honours ;  the  First  Bachelor 
of  Science  Pass  and  Honours ;  and  the  Second  Bachelor  of 
Science  Pass)  it  is  believed  the  present  work  will  be  found 
a  sufficient  Text-book;  for  the  Second  Bachelor  of  Science 
Honours,  the  Examination  for  Women  in  Honours,  and  the 
Doctor  of  Science  in  either  branch,  the  student  should  con- 
sult some  more  advanced  treatise,  as  the  English  edition  of 
Sachs's  Text-book  (Clarendon  Press)  for  Anatomy  and 
Physiology,  and  Dr.  Hooker's  edition  of  Le  Maout  and 
Decaisne's  'Traits  G^n^ral'  (Longmans)  for  Classification. 
The  examinations  for  the  First  and  Second  Bachelor  of 
Science  have  recently  undergone  complete  revision,  the 
revised  regulations  coming  into  force  for  the  first  time  during 
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tiie  present  year.  At  the  First  Bachelor  of  Science  Pass, 
special  attention  is  directed  to  certain  types  of  vegetable 
life  named  in  the  syllabus.  The  sum  of  our  present  know- 
ledge respecting  these  types  will  be  found  stated  in  the  fol- 
lowing pages,  either  in  the  text  or  in  editorial  notes  ;  but  the 
editor  desires  to  impress  upon  his  readers  the  necessity  of 
their  making  themselves  practically  acquainted  with  these 
forms  of  life,  and  comparing  their  observations  with  the  de- 
scription, before  presenting  themselves  for  examination.  At 
the  Second  Bachelor  of  Science  Pass,  the  examination  in 
Botany,  which  is  optional,  requires,  in  addition  to  a  general 
acquaintance  with  the  principles  of  Morphology  and  Phy- 
siology, a  knowledge  of  the  structure  and  development  of 
certain  groups  of  Phanerogams  and  Cr)rptogams,  an  account 
of  which  will  also  be  found  here. 

In  the  chapters  on  Anatomy  and  Physiology,  the  original 
work  has  been  very  closely  followed  ;  only  a  few  alterations 
being  made,  to  render  it  in  harmony  with  the  recognised  use 
of  terms  in  this  country.  Any  additions  to  our  knowledge 
acquired  since  the  publication  of  the  German  work  are 
referred  to  in  foot-notes.  The  same  remark  applies  to  the 
chapter  on  Special  Morphology  and  Classification,  as  far  as 
Cryptogams  are  concerned.  But  the  section  on  the  Classi- 
fication of  Phanerogams  has  been  entirely  rewritten.  The 
system  of  classification  adhered  to  in  the  original  work  differs 
in  so  many  points  from  that  in  use  in  this  country,  that  it 
would  be  almost  useless  to  the  English  student.  The  natural 
orders  have  therefore  been  entirely  rearranged,  in  accordance 
with  Bentham  and  Hooker's  system,  and  a  detailed  descrip- 
tion is  given  only  of  the  more  important  ones.  The  minutiae 
of  Classification  were  considered  out  of  place  in  an  elementary 
Text-book,  and  would  moreover  swell  it  to  an  unwieldy  size. 
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The  seventh  and  eighth  chapters  have  been  considerably 
compressed^  and  some  portions  have  been  altered.  In 
editing  them  pains  have  been  taken  to  avoid,  as  far  as  pos- 
sible, the  putting  forward  of  geological  or  geographical 
theories  as  demonstrated  truths.  The  young  student  cannot 
be  too  cautious  about  forming  or  adopting  theories,  except 
as  mere  modes  of  classifying  facts,  which  must  be  modified 
as  our  knowledge  of  facts  increases.  Some  general  notion 
of  the  distribution  of  plants  in  space  and  time  is  essential  to 
him ;  but  he  should,  as  far  as  possible,  check  and  correct 
his  theories  by  getting  together  and  collating  a  large  fund  of 
observation.  The  chapter  on  the  Geographical  Distribution 
of  Plants  is  a  brief  epitome  of  Grisebach's  conclusions,  as 
stated  in  his  'Vegetation  der  Erde,'  of  which  there  is  as  yet 
no. English  translation.  All  editorial  additions  throughout 
the  work  are  distinguished  by  being  placed  between  square 
brackets. 

It  would  be  impossible,  even  were  it  desirable,  to  define, 
in  an  elementary  work  of  this  kind,  every  scientific  term  in 
use  by  every  writer  j  many  of  those  not  mentioned  in  these 
pages  carry  their  own  explanation  with  them.  Some  addi- 
tions have  been  made  by  the  editor  to  those  included  in  the 
original  work ;  and  it  is  believed  that  every  term  necessary 
to  the  young  student  will  be  found  defined  either  in  the  text 
or  in  the  glossarial  index  at  the  end.  Reference  is  made, 
in  this  index,  not  only  to  the  pages  where  an  explanation  of 
each  term  will  be  met  with,  but  also  to  every  figure  in  which 
it  is  illustrated.  In  the  Latin  names  of  British  plants,  the 
one  adopted  in  Hooker's  *  Student's  Flora '  is  in  all  cases 
used. 

In  conclusion,  the  editor  desiies  to  call  the  reader's  at- 
tention to  one  or  two  important  memoirs  which  have  been 
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published  since  the  appearance  of  the  original  work,  or  even 
while  the  English  edition  has  been  going  through  the  press. 

In  his  account  of  the  relative  importance  of  the  different 
chemical  qlements  to  the  life  of  the  plant  (p.  162),  the 
author  has,  in  the  main,  followed  Sachs.  Professor  Cugini 
has  recently  published  an  elaborate  series  of  researches  on 
the  nutrition  of  cellular  plants,  which  appears  to  throw  addi- 
tional light  on  the  functional  value  of  some  of  the  elements, 
especially  potassium,  the  relation  of  which  to  the  carbo- 
hydrates he  compares  to  that  of  phosphorus  to  the  albu- 
minoids. 

In  the  section  on  Lycopodiaceae  (p.  332)  no  allusion 
is  made  to  the  researches  of  Fankhauser,  who  describes  the 
hitherto  unknown  prothallium  of  Lycopodium  annotinum. 
He  finds  it  furnished  with  antheridia  and  archegotiia, 
the  latter  being  fertilised  directly  by  the  antherozoids  pro- 
duced in  the  former.  If  these  observations  are  confirmed, 
the  mode  of  reproduction  will  remove  Lycopodium  altogether 
from  alliance  with  the  heterosporous  Selaginelleae,  and  bring 

it  nearest  to  Ophioglossum. 

A.  W.  B. 

6  Park  Village  East,  Regent's  Park  : 
jfanuary  1877. 
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INTRODUCTION. 

The  province  of  Botany,  or  the  Natural  History  of  the 
Vegetable  Kingdom,  is  to  depict  the  plant  froni  as  many 
different  points  of  view  as  possible. 

It  is  impossible  to  give  a  brief  and  exact  definition  of  a 
plant,  if  such  a  definition  is  intended  to  include  all  plants. 
It  is  true  that  firom  the  earliest  times  the  numberless  sub- 
stances that  are  found  on  the  earth  have  been  distinguished 
into  living  or  organic  and  lifeless  or  inorganic, — animals  and 
plants  being  included  in  the  foriper,  minerals  in  the  latter 
class ;  but  it  is  impossible  to  define  accurately  the  bounds 
of  these  three  kingdoms.  Whether  a  body  has  life  or  not 
is  a  point  easily  determined,  since  the  presence  of  life  is 
manifested  by  various  capabilities,  the  most  universally  dis- 
tributed of  which  are  those  for  absorbing  and  assimilating  a 
variety  of  food-materials.  We  know  also  from  experience  that 
the  higher  and  more  perfectly  organised  animals  differ  from 
the  higher  plants  in  possessing  sensibility  and  a  power  of 
voluntary  motion.     But  when  we  descend  from  the  higher 
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animals  and  plants  to  the  less  perfect  organisms  belonging 
to  these  two  kingdoms  of  nature,  we  come  eventually,  on  the 
boundaries  of  each,  to  organisms  so  small  and  so  imperfectly- 
developed  that  it  is  scarcely  possible  to  pronounce  an 
opinion  whether  they  are  of  animal  or  vegetable  nature. 
The  most  superficial  glance  over  the  vegetable  world  shows 
us  that  in  both  the  external  form  and  internal  structure  of 
plants — the  number  of  which  has  been  estimated  to  amount 
to  300,000 — there  exists  such  an  endless  diversity  that  we 
must  content  ourselves  with  describing  the  forms  of  most 
common  occurrence,  the  most  important  laws  of  their  internal 
structure,  life,  and  distribution,  and  the  classification  of  the 
best  known  and  most  important  plants. 

Morphology^  or  the  Comparative  Anatomy  of  plants,  em- 
braces an  acquaintance  with  their  most  important  organs, 
and  hence  with  their  external  form.  By  combining  with  this 
the  history  of  developme]i>t  of  the  separate  organs,  i,e.  the 
mode  in  which  they  are  produced,  we  are  enabled  to  obtain 
a  correct  comprehension  of,  and  to  describe,  the  different 
parts  of  a  plant  By  the  Anatomy  of  plants  we  understand 
a  knowledge  of  their  internal  structure.  The  Physiology  of 
plants  is  concerned  with  their  vital  phenomena  [and  the  dif- 
ferent functions  of  the  various  organs].  Botanical  Geography 
treats  of  the  distribution  of  plants  over  the  surface  of  the 
globe.  PalcBophytology,  or  Vegetable  Palaeontology,  makes  us 
acquainted  with  the  remains  that  still  exist  of  the  vegetation 
of  earlier  geological  epochs.  Classification  has  to  do  with 
the  distribution  of  plants  according  to  their  characters  [or 
relationship  to  one  another].  Practical^  or  Applied  Botany ^ 
finally,  explains  the  useful  or  injurious  properties  of  plants. 

In  the  earliest  times  the  knowledge  of  plants  was  limited 
to  those  from  which  food  was  obtained,  and  to  a  few  which 
afforded  poisonous  or  curative  substances,  the  properties  of 
which  had  been  ascertained  by  a  happy  or  unfortunate  acci- 
dent, or  by  the  observation  of  an  animal  impelled  by  instinct 
to  their  use»    The  knowledge  thus  laboriously  gained  must 
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often  have  been  again  lost,  until  at  length  an  acquaintance 
with  medicinal  plants  became  a  speciality  of  the  priests,  and 
the  healing  art  founded  upon  it  a  part  of  religion. 

The  father  of  medicine,  as  he  has  been  termed,  Hippo- 
crates, who  lived  in  the  fifth  century  before  Christ,  extended 
the  observations  that  had  hitherto  been  made  ;  and  we  know 
that  he  enumerated  upwards  of  200  species  which  were  at 
that  time  used  in  medicine.  But  it  was  not  till  the  following 
century  that  a  really  scientific  work  on  botany  appeared, 
written  by  the  celebrated  tutor  of  Alexander  the  Great,  Aris- 
totle. His  work  is  unfortunately  lost ;  but  his  ideas  have 
come  to  us  in  the  writings  of  his  pupil  Theophrastus,  who 
described  400  or  500  different  plants  in  their  relation  to 
agriculture,  domestic  economy,  and  medicine.  At  his  death 
the  new  structure  fell  to  pieces,  or  at  all  events  we  do  not 
find  that  any  further  progress  was  made  with  it.  This  was 
the  ^tate  of  things  until,  in  the  first  century  after  Christ, 
Dioscorides  wrote  a  treatise  on  medicine,  in  which  over  600 
medicinal  plants  were  described,  though  often  briefly  and  in- 
sufficiently, and  the  elder  Pliny  collected  what  was  most 
noteworthy  from  the  writings  of  his  predecessors.  The^  posi- 
tion in  which  botany  stood  at  that  time  may  be  understood 
from  the  naive  statement  of  Pliny  that  there  were,  it  is  true, 
more  plants  in  the  hedges,  fields,  and  roadsides  than  those 
he  had  described,  but  they  had  no  names,  and  were  of  no 
use.  The  works  of  Pliny  and  Dioscorides  remained  the  best 
on  the  subject  till  the  sixteenth  century,  and  enjoyed  the 
highest  reputation.  At  that  time  German  investigators 
arose  who  aroused  the  study  of  plants  from  its  long  rest,  and 
earned  therefrom  the  honourable  title  of  the  fathers  of 
botany.  The  first  of  these  was  Otto  Bnmfels  of  Mayence 
(pi*  1534)  >  other  German  scholars  followed  closely  upon 
him.  Bock  (pb.  1554),  Fuchs  {ob,  1566),  and  Gessner  (pb, 
1565);  as  well  as  some  belonging  to  other  countries,  Ma- 
thioli  (pb,  1577),  Dodongeus  (pb,  1585),  Lobelius  (ob,  1616), 
and  Clusius  (oh.   1609).    But  no  one  of  these  made  any 
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great  advance  ;  for  none  of  them  went  beyond  a  more  or  less 
careful  description  of  different  plants. 

Caesalpinius  (pb,  1603)  was  the  first  to  devote  himself  to 
a  systematic  classification  of  plants.  He  derived  his  prin- 
ciples mainly  from  the  characters  of  the  fruit  and  from  the 
position  of  the  perianth  in  reference  to  the  pistil ;  but  his 
primary  division  of  the  vegetable  kingdom  was  into  woody 
and  herbaceous  plants.  His  example  was  followed  by  others, 
and  the  science  received  an  ever-increasing  impetus,  directed 
by  such  men  as  Tabemaemontanus  (pb,  1590),  Alpinus  {pb, 
161 6),  and  Camerarius  {ob,  1721),  an  impetus  which  was 
greatly  assisted  by  the  great  store  of  botanical  material  de- 
rived from  travels  in  the  East  and  in  America.  But  there 
were  no  means  of  comparing  these  fresh  discoveries  with  one 
another,  in  consequence  of  a  want  of  correspondence  in  the 
names  given  to  the  same  plant  by  different  investigators.  The 
brothers  John  and  Caspar  Bauhin  (pb,  16 13  and  1624)  were 
the  first  to  endeavour  to  overcome  this  difficulty.  From 
this  time  the  number  of  botanists  increased  so  greatly  that 
we  can  mention  only  those  who  introduced  new  and  in- 
fluential ideas. 

The  originator  of  the  Latin  botanical  nomenclature  was 
Jung  (pb.  1657),  rector  of  the  gymnasium  at  Hamburgh. 
Soon  afterwards,  in  1700,  Tournefort  (pb,  1708)  propounded 
a  new  system,  and  was  the  first  to  classify  plants  into  strictly 
defined  genera.  A  year  before  his  death,  the  great  reformer 
of  botany,  the  Swede  Carl  von  Linnd  (Linnaeus,  ob,  1778), 
was  born.  It  was  he  who  first  raised  botany  to  the  rank 
which  it  should  have  attained  long  before,  of  an  edifice 
resting  on  a  firm  foundation ;  for  to  him  we  owe  the  first 
system  of  nomenclature  and  description  of  a  truly  scientific 
character.  But  this  was  not  all ;  for  Linnaeus  propounded 
the  celebrated  system  that  bears  his  name,  which  has  indeed 
since  been  replaced  by  others  of  a  much  more  natural 
character,  but  which  is  unequalled  in  practical  value  if  the 
purpose  is  simply  to  name  any  given  plant,  or  to  assign  its 
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position  in  the  system  to  any  newly-discovered  species.  The 
Linnean  system  is  an  artificial  one,  since  it  is  not  founded 
on  a  combination  of  all,  nor  even  of  several,  characters  of  a 
plant,  hut  takes  into  account  only  single  characters  as  the 
primary  principle  of  classification.  There  were  therefore 
necessarily  opponents  of  the  system.  The  first  to  propose 
in  its  place  a  natural  system  was  the  French  botanist  A.  K 
de  Jussieu  (pb,  1836),  who  took  as  his  starting-point  the 
presence  and  the  structure  of  the  embryo.  He  was  shortly 
followed  by  A.  P.  De  CandoUe  (pb,  1841)  and  Endlicher 
(pb.  1849) ;  the  foundation  of  the  primary  classification 
being  with  the  former  anatomical  structure,  with  the  latter 
the  mode  of  growth.  The  efforts  to  construct  better  systems 
are  not  yet  brought  to  a  conclusion ;  and  we  cannot  yet  see 
their  end.  In  the  meantime  botanists  are  vigorously  at 
work  in  completing  the  botanical  material,  whether  by  the 
compilation  of  *  Floras '  which  treat  of  the  plants  of  particular 
districts,  or  by  travels  through  districts  hitherto  unknown 
or  not  yet  sufficiently  explored. 

If  we  now  attempt  to  sketch  in  a  few  lines  the  history 
of  the  development  of  the  remaining  departments  of 
botanical  science  ; — it  appears,  as  might  be  expected,  that 
the  study  of  the  anatomy  of  plants  came  into  existence 
shortly  after  the  discovery  of  the  art  of  manufacturing  mag- 
nifying lens.es.  The  English  botanist  Grew  (pb,  1711)  and 
Malpighi  of  Bologna  (pb,  1694)  must  be  considered  as  the 
true  founders  of  this  study.  After  the  ground  had  been 
successfully  broken  by  their  researches,  it  was  almost  en- 
tirely neglected  during  the  eighteenth  century,  and  the  in- 
vestigation has  only  recently  been  again  resumed,  and  this 
branch  of  botany  carried  to  a  truly  remarkable  perfection  by 
our  contemporaries  A.  Braun  (pb.  1877),  Goppert,  Von  Mohl 
(pb,  1872),  Schacht  (ob,  1864),  Schleiden,  Unger  (ob,  1870), 
and  many  others. 

While  during  the  eighteenth  century  the  study  of  ana- 
tomy lay  dormant,  especial  interest  was  excited  \y^  ^\0<:^!»x& 
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of  physiology,  and  a  great  many  pioneers  of  science  occupied 
themselves  with  their  solution ;  among  whom  may  be  es- 
pecially mentioned  Hales  {pb,  1761),  Bonnet  (pb,  1793), 
Duhamel  (pb,  1781),  Priestley  {pb,  1804),  and  Ingenhousz 
(pb.  1799). 

Reference  must  not  be  omitted  to  the  fact  that  the  poet 
Goethe  established  the  science  of  morphology  on  a  firmer 
basis  by  his  writings ;  and  that  it  was  reserved  for  Alexander 
von  Humboldt  (pL  1859),  at  the  commencement  of  this 
century,  to  put  the  study  of  Botanical  Geography  into  a 
scientific  shape.  Palaeophytology  was  advanced  especially 
by  Brongniart  (pb,  1876),  Unger,  Goppert,  &c.  We  must, 
however,  refrain  from  entering  into  detail  with  regard  to  the 
labours  of  our  own  contemporaries ;  and  will  only  name  the 
most  eminent  recent  German  botanists  who  have  not  hitherto 
been  mentioned,  viz,^  among  others,  De  Bary,  Caspary, 
Dippel,  Hanstein,  Hartig,  Hildebrand,  Hoffmann,  Hof- 
meister  (pb,  1877),  Karsten,  von  Martius  (ob.  1868),  Milde, 
Nageli,  Pringsheim,  Rabenhorst,  Sachs,  and  Schwendener.^ 

*  [The  dates,  which  do  not  in  all  cases  agree  exactly  with  those 
stated  by  the  author,  are  given  on  the  authority  of  Sachs,  in  his  '  Ge- 
schichte  der  Botanik.'  As  the  author  has  given  most  prominence  to 
German  botanists,  it  may  be  allowed  to  name  the  following  in  addition, 
as  worthy  of  mention.  Among  systematists  Ray  {pb,  1705)  holds  an 
important  place ;  and  the  present  comparative  perfection  of  our  system 
of  classification  is  due  largely  to  Lindley  {pb,  1865),  and  Bentham. 
Vegetable  anatomy  owes  much  to  the  observations  and  publications  of 
A.  St.  Hilaire  {ob,  1853),  Robert  Brown  {ob.  1858),  Sir  W.  Hooker 
{ob,  1865),  Payer,  Cohn,  Dr.  J.  D.  Hooker,  Asa  Gray,  and  Berkeley; 
physiology  to  C.  C.  Sprengel  {pb,  18 1 6),  Boussingault,  and  Darwin. 
—Ed.] 
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If  a  small  quantity  of  the  green  mould  {Penicillium  glaucum) 
which  commonly  appears  on  articles  of  food  that  have  been 
kept  for  a  few  days,  is  examined 
under  the  microscope,  it  is  found 
to  present  somewhat  the  appear- 
ance of  a  minute  tree  (Fig.  i).  The 
stem  is  simple,  but  bears  at  its 
summit  a  number  of  branches 
resembling  strings  of  beads. 
Each  of  these  strings  easily  breaks 
up  into  its  separate  members ; 
and  each  of  these  members  has 
the  form  of  a  tiny  spherical  blad- 
der with  a  delicate  coat,  enclosing 
contents  of  a  peculiar  compo- 
sition. All  the  branches  and 
the  main  stem  consist  of  similar 
bodies,  differing  only  in  their 
greater  length  ;  and  these  bodies 
are  termed  ceils.  In  the  example  which  we  have  chosen 
the  individual  cells  are  connected  with  one  another 
only  like  beads  on  a  necklace ;  but  a  dose  examination 
shows  us  that  all  parts  of  all  plants  are  formed  of  cells, 
or  are  composed  of  structures  which  have  themselves 
been  formed  out  of  cells.  Examples  of  this  are  furnished 
by  the  ripe  but  not  too  succulent  flesh  of  fruits  such  a&  ^^ 


Fig.  i.— Green  mould,  Penicil- 
lium  glaucum.  (x  about  80 
diam.) 
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apple,  slices  of  leaves  which  are  not  too  delicate,  such  as 
the  cabbage,  etc.  Since  therefore,  at  least  at  a  certain 
period  of  their  existence,  all  plants  consist  of  one  or  more 
cells,  these  are  termed  the  elementary  organs  of  plants. 
There  is  only  this  one  kind  of  elementary  organ,  which 
may  vary  greatly  in  its  form  and  behaviour,  but  is  always 
the  same  in  its  essential  nature. 

Until  recently  the  essential  constituents  of  the  cell  were 
considered  to  be  a  more  or  less  firm  cell-wall  (Fig.  2  a\ 

differing  in  its  chemical  compo- 
sition from  the  contents  of  the 
cell,  a  cell-fluid  QTiclos^td.  by  it,  and 
the  nucleus,  c,  occurring  in  the 
latter.  The  cell-fluid  was  again 
divided  into  two  principal  ele- 
ments, the  watery  cell-sap,  and 
the  mucilaginous  semi-fluid /r^- 
toplasm,  by  in  the  clear  transparent 
hyaline  substance  of  which  are 
imbedded  a  larger  or  smaller 
number  of  granules,  generally 
of  very  small  size.  Some  even 
went  so  far  as  to  consider  the 
cell-wall  the  most  important 
element,  and  the  term  cell  was  applied  even  to  the  walls 
of  perfectly  dead  cells  which  had  lost  the  whole  of  their 
contents.  But  since  cells  were  subsequently  observed  in 
which,  at  least  for  a  certain  period  of  their  existence,  such  a 
firm  wall,  differing  chemically  from  their  contents,  was 
wanting,  and  since  also  there  are  cells  in  which  a  nucleus 
is  never  found,  it  became  necessary  to  modify  the  idea  of 
a  cell,  and  the  only  essential  constituent  is  now  held  to 
be  the  protoplasm.  In  the  vegetable  kingdom  this  proto- 
plasm never  remains  permanently  uninvested  by  a  firm 
envelope,  but  is  always  sooner  or  later  enclosed  in  an 
elastic  more  or  less  solid  membrane,  the  substance  of  which 


Fig.  2. — A  cell  from  the  root  of 
the  lizard-orchis,  Qrckis  hir- 
cina  ',  a  the  cell-wall,  con&isting 
of  cellulose  ;  b  the  protoplasm 
contracted  by  alcohol :  c  the 
nucleus  with  a  nucleolus,  (x 
200.) 


The  Cell  as  an  IndividtiaL  g 

it  secretes  out  of  itself.  Only  those  cells  are  in  a  living  state 
which  still  contain  protoplasm;  such  alone  can  grow, 
produce  new  chemical  combinations,  and,  under  favourable 
circumstances,  give  rise  to  new  cells.  Cells  destitute  of 
protoplasm  are  of  service  to  the  plant  only  by  their  hard- 
ness, their  power  of  attracting  water,  and  their  form,  or  as 
protecting  envelopes. 

Every  mass  of  protoplasm,  whether  firee  or  enclosed  in  a  cell- wall,  » 
has  a  definite  external  boundary,  where  a  layer  of  it  is  distinguished  from 
the  internal  portion  by  the  absence  of  the  imbedded  granules,  and  by 
its  consequent  greater  transparency.  This  layer,  called  the  primordial 
utricle,  is  not  sharply  defined  on  its  inside,  but  passes  gradually  into  the 
granular  and  less  dense  internal  mass  ;  it  is  thin,  being  only  very  rarely 
of  a  measurable  thickness.  The  protoplasm  which  is  contained  within 
a  cell-wall  does  not  generally  entirely  fill  up  the  cavity,  but  more  often 
occurs  as  a  delicate  parietal  layer  lining  the  cell-wall  on  the  inside, 
and  surrounding  the  hollow  cavity  filled  with  watery  cell-sap. 

The  protoplasm  is  a  compound  of  different  organic  substances, 
among  which  albuminous  (nitrogenous)  are  never  absent,  and  usually 
constitute  the  bulk  of  it.  It  therefore  easily  coagulates,  often  merely 
by  the  addition  of  water ;  and  this  is  especially  the  case  in  the  cells 
of  those  plants  which  do  not  live  in  water.  It  nevertheless  contains 
abundance  of  water,  and  is  usually  very  turgescent ;  i.e,  it  possesses  in 
a  high  degree  the  power  of  absorbing  water  between  its  most  minute 
particles,  and  swelling  up  in  consequence  somewhat  in  the  maimer  of  a 
gum.  This  power  of  absorbing  water  is,  however,  limited  ;  as  soon  as 
it  exceeds  a  certain  amount,  a  watery  fluid  is  exuded  in  drops  in  the 
interior  of  the  mass  of  protoplasm,  forming  cavities  ox  vacuoles  within  it. 
The  protoplasm  can  combine  with  water  only  slowly  and  not  in  any 
desired  proportion ;  and,  even  when  most  strongly  magnified,  presents 
the  appearance  of  being  separated  by  sharp  outlines  from  the  watery 
fluid  which  surrounds  it,  or  which  fills  up  the  cavities  in  its  interior. 
Water  passes  easily  through  a  layer  of  protoplasm ;  but  the  latter  offers, 
in  the  living  state,  a  strong  resistance  to  substances,  such  as  colouring 
matters  or  salts,  dissolved  in  water,  whidi  is  generally  overcome  only 
by  such  injuries  as  destroy  the  life  of  the  cell. 

Every  formation  of  new  cells  which  can  be  submitted  to  observation 
begins  with  a  change  in  the  protoplasm,  the  true  body  of  the  cell ;  and 
this  substance  is  consequently  the  origin  of  all  new  development.  It  can- 
not therefore  be  destitute  of  structure,  but  must  be  already  or^nised  \ 
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A  candnuous,   even  though  generally   ei- 

tiemely  slow  and  impercep  ible  movement 
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the  plant     although  they  are  usually  not 

VIS  ble      Perceptible  movements  are  espe 
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again  with  increased  rapidity,  and  again  forming  for  themselves  new 

paths  through  the  cell-sap. 
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Possibly  in  all,  at  all  events  in  the  immense  majority  of  cells,  are 
nuclei  or  cytoblasts.  In  the  dead  state  the  nucleus  is  a  spherical  or 
flattened  lenticular  body  of  from  0'CX)4  to  0*04  mm.  diameter ;  they 
often  possess  a  pellicle,  and  contain  one  or  more  nucleoli  (see  Figs.  2 
and  3).  In  the  living  condition  they  are  very  difficult  to  recognize,  but, 
as  far  as  we  know  at  present,  they  are  larger  than  when  dead,  and  of 


Fig.  4.  —  Spherical 
cell  from  the  flesh 
of  the  peach,  (x 
370.) 


Fig.  5.— Ellipsoidal 
cell  from  the  flesh 
of  the  peach,  (x 
370-) 


Fig.  6. — Hour-glass 
shaped  cell  from 
the  flesh  of  the 
peach,  (x  37a) 


variable  irregularly  jagged  form.     They  creep  about  in  the  protoplasm 
in  which  they  are  imbedded  after  the  manner  of  an  Amoeba,  and  certainly 


Fig.  8. — Disc-shaped  cell : 
a  unicellular  Alga,  Cos- 
cinodiscus.  (x  390.) 


Fig.  7. — Stellate  cell  from  the  hori- 
zontal septum  of  the  air-passages  of 
the  flowering  rush,  Butomus  um- 
bellatus,  (  x  780.) 


Fig.  9. — Crescent-shaped 
cell  of  a  stoma  (guard- 
cell). 


take  the  largest  share  in  the  continuous  shifting  and  transformation  of 
the  bands  of  protoplasm  which  start  from  them. 
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The  form  and  size  of  the  naked  cell  (without  cell-wall) 
are  very  various,  in  consequence  of  the  constantly  changing 
motion  of  the  proloplasna.  In  those  which  are  enclosed  in 
a  firm  wall  or  membrane  of  cellulose,  the  cell-wall  determines 
the  size  and  form  of  the  cell.  Although  cells  vary  relatively 
so  greatly  in  size,  they  are  generally  very  minute  even  in 
their  mature  state,  being  scarcely  visible  to  the  naked  eye,  or 
altogether  invisible.    The  imicellular  ZoogUea  Tertno    for 


example,  is  from  o-ooi  to  0-002  mm.  broad  and  long ; 
the  diameter  of  pollen-grains,  which  also  consist  of  a  single 
cell,  varies  between  o'l  and  0-0075  ™'^-  '>  ""^  lignified  cells 
in  the  wood  of  the  oak  (jQuercus  pedicellala)  have  an  average 
length  of  about  0-7  nim.,  and  those  in  the  trunk  of  the  silver 
fir,  Abies  peciinaia,  one  of  from  2  to  3  ram.  There  are,  how- 
ever, cells  of  a  considerably  larger  size,  especially  in 
the  CharaceEe ;  thus  Nttdla  has  cylindrical  cells  more  than  50 
mra.  long,  and  i  mm.  in  diaraeter.  The  walls  which  bound 
the  cells  are  seldom  flat,  but  usually  curved,  of  perfectly 
spherical,  cylindrical,  or  even  branched  and  arborescent  form. 
The  most  common  forms  of  cells  are — spherical  (Fig.  4) ; 
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Fic.  19.— Tctrahcdral  cell4:  spore 
of  afcm  in  vatiouj  p«i<Sua> 
(greatly  utg-iified). 


Fk!  13.— PnnnatK  cell  from  Ihe 
but  pamichyDU  of  a  Begina. 
(n  370). 
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ellipsoidal  (Fig.  5);  hour-glass-shaped  (Fig.  6);  stellate 
(Figs.  7  and  11);  disc-shaped  (Fig.  8);  crescent-shaped 
(Fig.  9);  tabular  (Fig.  10);  tetrahedral  (Fig.  12);  prismatic 
(Fig.  13);  fusiform  (Figs.  14,  15);  polyhedral  (Fig.  16); 
irregularly  branched  (Fig.  17). 

All  these  forms,  to  which  many  others  might  be  added,  are  produced 
from  cells  which  are  originally  more  or  less  spherical,  according  as  the 
pressure  to  which  they  are  subject  from  the  adjacent  cells  is  greater  or 
less,  and  according  as  the  vigour  of  their  growth  on  all  sides  is  more  or 
less  imiform.  It  is  by  far  most  probable  that  the  growth  of  the  cell- 
wall,  when  once  formed,  takes  place  solely  by  intussusception^  that  is,  by 
the  intercalation  of  fresh  particles  of  cellulose  among  those  already  in 
existence.  This  process  is  the  essential  element  of  those  long-enduring 
changes  of  a  physical  and  chemical  character  to  which  the  cell-wall  is 
subject  during  its  growth,  causing  it  to  be  of  essentially  different 
nature  from  the  shell  of  a  mussel,  on  the  inner  side  of  which  new 
layers  are  being  constantly  deposited.  The  wall  serves  not  only  for  the 
external  protection  of  the  cell,  but  is  most  intimately  connected  with  its 
life ;  so  that  even  when  the  cell  has  long  ceased  to  exercise  an  active 
influence  on  the  life  of  the  plant  by  the  formation  of  new  cells  or  by  the 
secretion  of  special  substances  within  it,  other  changes  are  still  proceed- 
ing in  the  cell- wall,  which  may  often  be  perceived  even  •  by  the  naked 
eye  ;  as  in  ebony-wood,  the  innermost  layers  or  *  duramen '  of  which 
become  of  a  darker  colour  than  the  *  alburnum  *  or  layers  of  wood 
which  lie  nearest  to  the  bark. 

The  cell-wall  appears  at  first  as  a  thin,  apparently 
structureless  membrane  (the  primary  cell-wall)  \  in  the 
course  of  its  growth,  however,  several  layers,  thickening- 
layers^  are  apparently  deposited  at  an  early  period  on  the 
inside.  Although  under  the  microscope  these  layers  seem 
very  clearly  defined  firom  one  another  and  from  the  primary 
cell-wall,  such  a  definition  does  not  actually  always  exist 
(see  Figs.  19-21).  The  fact  that  the  cell- wall  appears  to 
consist  of  several  layers  depends  on  the  unequal  density 
of  the  separate  lamellae ;  and  this  can  be  explained  by  an 
unequal  absorption  of  water,  the  layers  appearing  as  if 
quite  unstratified  when  dry.  Always  less  evident  than  the 
thickening-layers,  there  can  be  perceived  on  the  cell-wall 
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delicate  spiral  longitudinal,  and  transverse  stnations  (Fig,  • 
36,  p  i8) ,  and  this  strtation  is  also,  as  a  rule,  only  the  result 


ell  oflhsplhof  C*™/Uf, 

.a.    /  pnmary  cell  wall    t 

Fic  at-Bast-cell 

from  the  stem  of  Vr. 

votmoft  thickening  layer     P 

sevml   shells  (1    ; 

ore-canal         .     imerallular 

wall  of  an  a4a«n 

r.s  <'.,«"" 

pa«.  (x  780.) 

of  an  unequal  absoiption  of  water.     The  forma/ton  of  shells, 
in  which  the  cell-wall  is  split  up  into  two  or  more  strata  of 


different  chemical  and  physical  properties,  must  be  clearly 
distinguished  from   the  thickening -layers.     Each  of  these 
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shells  corresponds  to  a  complete  system  consisting  of  a 
number  of  thickening-layers,  and  may  manifest  the  striation 


J    the   disappearaiLdc    of  Ihe  < 
l-wall  Ihe  tvo  widfning.  have 
'--- n  the  •hordti,'*;  i  initn 
(x66a) 

already  described.      This  formation  is  peculiar  to  more 
strongly  thickened  cells,  and  can  usually  be  detected  only 


by  the  application  of  powerful  chemical  reagents,  which 
cause  the  shell  to  split  up  by  fissures  previously  existii^  into 
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several  spiral  bands  (fig.  18,  p.  14).  The  thickening-layers 
often  inciease  so  considerably  that  the  space  enclosed  by  the 
cell-wall,  the  ceU-cavity,  almost  entirely  disappears  (Fig.  20). 
The  increase  of  the  cell-wall  in  thickness  is  almost  in- 
variably uniform  only  in  its  earliest  stage  j  a  want  of 
uniformity  very  soon  sets  in  at  various  spots.  This  is 
especially  manifested  at  the  comers  and  edges,  the  cell- 
cavity  being  always  more  or  less  rounded  otF;  but  it  sub- 


sequently often  takes  place  only  on  one  side  {Fig.  21),  or  so 
slightly  at  particular  spots  HaaX.  pitied  01  pore-canals  are  formed 
at  those  spots.  These  are  sometimes  simple  {F^.  19,  20), 
sometimes  branched  (Fig.  25).  The  canals  from  adjoining 
cells  constantly  meet ;  sometimes  they  are  widened  at  their 
base  into  borikredpits  (Fig.  22);  and  the  membrane  between 
these  frequently  disappears,  so  that  cells  become  thus  actually 
perforated  (Figs.  23,  24).    According  to  the  development  ot 
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the  pits  or  of  the  thickcDing-layers  we  distmguish  between 
fitted  cells  (Fig.  2^)^  retieulaied  cells  (Fig.  z8),  spiral  cells 
(Figs.  29,  30),  annular  alls  (Figs.  31-34)1  and  scalarifomi 
(ladder-like)  cells  (Fig,  36),  Pitted  cells,  which  are  furnished 
in  addition  with  spiral,  reticulate,  or  annular  thickening- 


.  —  mutual  ccii       FiG.   J*.  —  Amralai  cell 
Iram  in  Qftailia  wiih  from  the  balsam.  Bat- 

1  ipinl  bulS  (x  400.)  tbe  piiniuy    uLL-iraJI 

bulguig  into  a  barrel- 
Bhape  between  the 
ringl  (x  400.) 

layers,  are  also  called  Irackeides  (Fig.  35) ;  they  occur,  for 
example,  abundantly  in  the  yew,  lime,  and  Viburnum. 

The  increase  in  thickness  of  the  cell-wall  takes  a  very  peculiar  form 
in  the  epidermal  cells  of  many  Urticacese  and  of  some  other  plants.  In 
the  interior  of  specially  enlai|[ed  cells,  stratified  and  finally  club-shaped 
outgrowths  of  the  wall  aie  formed,  in  wbich  are  deposited  small  crystals, 
scarcely  or  not  at  all  distinguishable  as  soch,  of  calcium  carbonate  (Fig. 
37).  These  diutered  atructuresare  known  as  cystolitks.  Bodies  of  a  simi- 
lar nature  occur,  though  less  frequently,  in  the  pith,  as  in  Kerria  Jape- 
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nka.  Of  the  same  nalure  are  the  deposits  of  crystals  of  CBldam  oxalate 
in  the  cell-wall,  as  for  exampte  in  the  leaves  of  the  citron,  the  epidermis 
of  the  root  of  the  Lombardy-poplar,  &c. 

The  cell-wall  consists  of  a  peculiar  substance  called  ccllulost,  having 
Ihe  chemical  composition  C,H„0,.  It  is  found  in  the  pure  state  only 
in  young  cells  ;  in  older  cells  it  is  often  concealed  by  other  Iwdies 
which  are  said  to  incmst  it,  or  becomes  altogether  transformed  into  other 


Fig.    j6.  —  ScalarifoOB  cell 
liHO,  (x  soo,i 

substances.  Cell-walls  are  intimately  permeated,  by  means  of  iatrus- 
taiieu  or  infiUraliott,  by  other  substances  irhich  are  deposited  among 
the  particles  of  cellulose.  The  cell-walls  of  many  Alg^e  are  converted 
by  incrustation  into  actual  coats  of  silica,  which  are  often  marked  with 
Tcry  beaulifiil  tracings,  so  line  that  they  are  used  as  test -objects  under 
the  microscope ;  and  this  is  especially  the  case  in  the  AiLiVoros,  >5v5,- 
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38).     Coats  of  silici  and  other  inorganic  intrusting  masses  often  remain 
as  skeletons  af^er  combustion  of  the  cells. 

The   direct  transformation   of   cellulose  into    other   substances  is 
abo  a  very  common  phenomenon.     The  products  of  transfomialion  thus 


formed  either  paitalte  of  the  peculiar  properties  of  cellulose,  or  are 
used  for  the  future  economy  of  the  plant,  or  must  be  looked  on  as  tx- 
creta.  The  most  common  examples  of  the  first  kind  are  afforded  by 
the  Rgtafoclion  and  mberisatian  of  cell-walls ;  i.t.  the  processes  I7 
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which  cellulose  is  converted  into  ii^nin  or  ccrk.  The  virions  cases  of 
the  second  kind,  in  which  the  transformed  and  absorbed  portions  of  the 
cell- wall  are  rMMned  to  support  the  life  of  the  plant,  have  been  comprised 
under  the  term  resorption.  To  this  class  belong  the  disappearance  of 
particular  portions  of  the  cell-wall  in  the  coalescence  of  cells  to  be  here- 
after described,  as  well  as  the  resorption  in  the  fonnation  of  bordered 
pits,  in  which  the  cell-walls  between  the  canals  have  become  ahsotbed, 
As  eiamples  of  excreta  produced  from  cellulose  by  transformation,  and 
no  longer  of  service  for  the  life  of  the  plant,  at  least  in  the  formation 
and  nouiishment  of  cells,  we  may  regard  gum-arabic,  eheiry-gum,  gum- 
tn^acantb,  and  other  similar  substances.     In  some  cases  only  particular 


ceUa  are  subject  lo  these  transformations ;  in  others  all  without  distinction. 
Thus,  for  example,  in  the  stem  of  the  cherry  or  plum-tree,  gum  may  be 
produced  from  any  kind  of  cell.  Of  a  somewhat  similar  nature  to  this 
fbrmation  of  gum  is  the  eonverdon  into  mucilage  of  the  epidermal  cells 
of  many  seeds,  as  in  linseed  and  quince  seeds.  In  these  cases  the  cell- 
wall  is  excessively  thickened  ;  but,  while  otherwise  retaining  all  its 
spedal  characteristics,  the  innermost  layers  swell  up  to  an  extraordinaiy 
extent  in  water,  so  thai  they  burst  the  outer  layers  which  have  not  the 
same  property,  and  emerge  as  a  transparent  mucilage  (Fig.  39).  The 
secretions  of  cells,  which  will  be  referred  to  hereafter,  must  not  be  con- 
founded with  these  products  of  transformation  of  the  cell-wall. 

Besides  protoplasm,  the   nucleus,  the  walery  cell-sa.13. 
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and  the  soKd  substances  and  gases  contained  in  it  in  a  state 
of  solution,  there  occur  also  in  the  cell  various  special  cell- 
contents.  To  the  solid  substances  of  this  nature  belong  pig- 
ments, starch,  crystalline  formations,  aleurone,  and  resin; 
to  the  fluid  substances  oil,  caoutchouc,  viscin,  and  gutta- 
percha. \The  albuminous  or  proteinaceous  substances  are 
sometimes  solid,  sometimes  dissolved.  Finally,  in  the  living 
cells  occur  sugar,  tannic  acid,  and  inulin,   dissolved  in«water. 

The  most  important  of  these  substances  is  chlorophyUy  the  source  of 
the  green  colour  of  plants.  It  is  always  combined  with  particles  of  pro- 
toplasm of  definite  form,  which  in  consequence  appear  of  a  green 
colour,  and  are  called  chlorophyll-bodies.  These  occur  and  are  formed 
only  in  those  cells  which  possess  a  cell -wall,  never  in  naked  primordial 
cells.  They  are  usually  lenticular,  rarely  in  the  form  of  bands 
(as  in  the  Conjugata;,  Fig.  41),  stellate  figures,  or  in  undefined  flakes. 
Chemists  are  not  yet  agreed  as  to  the  chemical  composition  of  chlorophyll ; 
but  it  is  probably  composed  of  two  independent  colouring  substances,  a 
golden  yellow  and  a  blue-green ;  it  is  possible  also  that  iron  is  an 
essential  constituent  of  it.  The  access  of  light  is  also  an  indispensable 
condition  for  its  formation.  Plants  otherwise  green  which  grow  in  the 
dark  become  bleached  or  etiolated  ;  a  very  small  quantity  of  light  is, 
however,  sufficient  to  produce  chlorophyll  in  many  plants  that  grow  in  the 
shade.  The  germinating  seeds  of  many  Coniferae  and  the  fronds  of 
ferns  afford  a  striking  exception,  becoming  green  even  in  absolute 
darkness  when  the  temperature  is  sufficiently  high.  The  chlorophyll- 
bodies,  which  arise  from  and  in  the  protoplasm,  remain  subsequently 
imbedded  in  it,  and  are  especially  found  in  a  motionless  layer  of  the 
parietal  coating  ;  rarely,  as  in  Vallisneria  spiralis  (Fig.  40),  in  the  cur- 
rents themselves  of  the  protoplasm.  They  consist  of  a  colourless  pro- 
toplasmic fundamental  substance,  in  which  the  green  colouring  matter 
is  imbedded.  They  possess  no  proper  membrane,  although  the  outermost 
layer  is  denser,  the  density  decreasing  gradually  towards  the  fluid  in- 
terior, and  affording  therefore  a  comparison  with  the  primordial  utricle 
of  the  protoplasm.  In  their  interior  are  often  found  granules  of  starch, 
which  have  generally  been  formed  there  under  the  influence  of  light ; 
while  less  frequently  (in  some  Muscinese,  as  Anthoceros  and  Fissidens 
bryoides)  they  are  points  of  crystallisation  around  which  the  mass  of 
chlorophyll  has  been  deposited.  The  chlorophyll-bodies  do  not  usually  in- 
crease greatly  in  size  ;  but  in  Metzgeria  furcata  (a  Hepatica)  the  diameter 
has  been  observed  to  increase  from  0*0003  "™"^'  *o  o-oo6  mm.     They 
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multiply  also  by  division,  splitting  up  into  two  new  bodies,  each  capable 
of  independent  life. 

The  parts  of  plants  which  are  not  green,  as  the  petals,  have  peculiar 
pigments  in  their  cells,  sometimes  dissolved,  sometimes  as  solid  particles. 
Particles  of  a  red  pigment  are  found,  for  example,  in  Adonis  auttimnalis^ 
0*004  °^"™'  ^^  diameter,  of  an  orange  colour  in  Zinnia  elegau.,  yellow  in 


Fig.  41. — Band  of  chloi'oDhyll  in 
Spirogyra  (Coi\1ugatae) ;  two 
cells  seen  from  tne  surface.  ( x 
350.) 

Fig.  40.— Cells  from  the  leaf  of  Vallis- 
nerta  spiralis.  The  round  bodies  are 
erains  of  chlorophyll ;  the  arrows  denote 
the  direction  of  the  currents  of  proto- 
plasm, (x  80a) 

Kerria  japonica,  A  violet  colour  is  always,  a  blue  colour  usually,  due 
to  dissolved  pigments.  As  an  example  how  peculiarly  the  separate 
pigments  may  be  distributed  in  different  superimposed  layers  of  cells, 
the  marginal  flowers  in  the  capitulum  of  Zinnia  elegans  are  scarlet  on  the 
upper,  light  yellow  on  the  underside,  the  uppermost  layers  of  cells  con- 
tain a  purple  sap  with  orange  granules,  all  the  rest  a  colourless  sap 
with  a  smaller  number  of  light  yellow  granules.  Only  those  cells  which 
are  filled  with  air  appear  white  ;  a  black  appearance  depends  on  a  dark 
shade  of  a  violet  or  brown  colour.  The  conditions  which  favour  the 
formation  of  the  bright  pigments  are  not  yet  known ;  the  agency  of 
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l^ht  is  not  proba.ble,  since  the  bright  colouring  of  flowers  appears  as 
soon  as  the  fonn  of  the  parts  of  the  flower  is  determined,  even  though 
in  the  dark. 

Still  more  widely  distributed    in   the    vegetable    kingdom   than 


chlorophyll  is  starch,  fonned  and  found  likevrise  only  in  those  cells  -which 
are  invested  with  a  cell-wall.  With  a  great  external  variability,  grains 
of  starch  possess  the  common  characteristic  of  turning  an  indigo-blue 
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colour  on  treating  with  an  aqueous  solution  of  iodine. '  They  liave  the 
same  chemical  composition  as  cellulose,  CjH,oO, ;  they  are  insoluble  in 
cold  water,  but  swell  up  very  strongly  in  boiling  water,  forming  a 
paste.  If  starch  mixed  with  saliva  is  heated  for  some  time  to  45°  or 
55°  C,  the  substance  which  is  coloared  blue  by  iodine  is  removed.  The 
conclusion  which  naturally  follows,  that  starch  consists  of  the  substance 
that  is  coloured  blue  by  iodine,  granulose,  together  with  a  cellulose 
substance  that  is  not  so  coloured,  called ^riHuii',  must  not,  however,  be 
considered  as   finally  determined.     The  grains  of  starch  are  always 


formed  originally  within  the  chlorophyll.  On  their  first  origin  they  appear 
as  infinitesimally  small  bodies,  which  are  invariably  of  a  spherical  form 
until  they  have  attained  a  certain  size.  In  the  course  of  their  farther 
growth  they  deviate  in  a  variety  of  ways  from  this  form  {Figs.  42-46). 
The  fiilly-develof^d  starch-grains  of  the  sorrel  and  of  the  tuberous  roots 
of  the  orchis  are  spherical  ;  those  of  the  grains  of  cereals  lenticular  ;  of 
the  potato  ovoid  ;  grains  of  the  shape  of  a  rod  or  bone  are  found  in  the 
latex  of  tropical  Euphorbias,  &c.     {Fig.  46.) 

Mature  starch-grains  consist,  as  a  rule,  of  a  number  of  layers  which 
appear  to  have  been  deposited  around  a  central  or  eccentric  nucleus  ; 
but  it  is  impossible  to  believe  that  separate  layers  have  heen  actually 
so  formed  in  the  course  of  growth ;  it  is  much  more  probable  that 
they  grow  by  intussusception  (see  p.  15),  and  that  the  stratification  is 
only  the  consequence  of  the  layers  or  shells  containing  a  larger  or 
Emaller  quantity  of  water,  as  is  shown  by  perfectly  dry  grains  of  starch 
being  unstratified  throughout.     Those  grains  which  contain  two  or  more 

'  An  exception  is  perhaps  afforded  by  the  membranes  of  the  asci  of 
Lichens,  with  respect  to  which,  however,  it  is  at  present  undetermined 
whether  they  contain  starch  or  not 
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DQclei,  surrounded  b;  a  common  system  of  peripheral  layers,  are  termed 
semi-t»mpoond  (Fig.   43  d) ;   compound   when  the  divisions  which 


I 
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Fig.    46.  —  Slaich-    Fig.    47.  —  Chloro-  Fig.  48.— Crjslals  from  the  Wf 

grains  from  the  la-       phylf-Biain  of  Pi-  of  Seeffftia  htracUifoUa  1  s, 

ttK  of  Euphorbia       tea    miaaat,    en-  a  nnjjTe  quadrate  Dctohednn  ; 

ifiiptdeifs.  (x  660.)       closing  four  BiATch-  5,  rwin-crystals  of  the  same 

giaini  a  (greatly  form,  (x  660.) 

magnincd); 

separate  the  grains  have  advanced  as  far  as  the  outer  circnmference 
(Fig.  45).      In  opposition  to  these  truly  compound  grains  those  are 


Bfgvma  h^rackifslia  [quad> 
VrBttigma  elasticum.  (x  i56o.) 

called  pseudo-compound  where  several  are  enclosed  together  in  one 
vesicle,  as  in  a  grain  of  chlorophyll  (Fig.  47).     Only  in  a  comparatively 
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small  number  of  groups  of  plants  hiis  no  starch  been  found  up  to  Che 
present  time,  as  in  many  Algae  and  Fungi,  The  purpose  of  the  forma- 
tion of  Btardi  is  that  it  may  be  stored  up  in  the  cells  as  a  reserve  food- 
material,  which  becomes  dissolved  in  the  subsequent  formation  of  new 


LoneituJina 


m  through  the  inner  bark  of  the  stem  of  //^»w 
<h.  ,!.:,..,>,■.  11^  parenchyma,  partly  containinE 


cells,  ,and  can  then  be  used  as  a  formative  matenal.  It  is,  therefore,  de- 
posited in  especially  large  quantities  in  bulbs,  tubers,  seeds,  pollen- 
grains,  Mid  generailf  in  those  organs  which,  when  ■»cg^^a^k^tl  Kw^es, 
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form  Ibe  staitiog-poinU  of  the  new  formation  of  laj^e  nxunbers  of  cells. 
(SeealsoChap.  V.) 

Crystals  occur  in  particular  cells  in  alcuost  all  the  higher  va£cula.r 
plants,  less  often  also  in  the  less  highly  org3.iiised  Cryptogams  ;  and  in 
Conifcis  are  also  frequently  found  imbedded  in  the  cell'wall.  They 
consist  of  calcium  oxalate.  Thecrystals,  when  separate,  contain  sixequi- 
valents  of  n'ater  of  crystallisation  ;  Iheir  stem-form  is  a  blunt  quadrate 
octahedron  (Fig.  48).  The  bundles  of  acicular  crystals  or  raphidt! 
have,  on  the  other  hand,  only  two  equivalents  of  water  of  crystallisa- 
tion, and  are  klinorhombic  columns  or  hendyoliedra  (Fig.  50),  often 
very  similar  in  form  to  those  of  calcspar.  The  groups  of  crystals 
have  one  or  the  other  form  according  to  their  chemical  constitulioa 
(Figs.  49,  51). 

The  aUmmimms  or  protemateaus  substances  contained  in  the  cell  are 
of  spedal  importance,  ^nce  they  stand  in  the  closest  relationship  to 


cell  of  the  pouio-tubcr : 


bi  alcobol,  aftet  sddi 


^tystalsttf  JDulm 
:hymatous  «U  from 


protoplasm.  Their  presence  is  generally  detected  with  tolerable  ease 
under  the  microscope,  bring  coloured  red  by  the  addition  of  water 
and  sulphuric  acid  or  mercury  subnitrate.     They  usually  appear  to  be 
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perfectly  dissolved  in  the  cell-sap,  often  as  granular  masses,  more 
rarely  in  a  crystalline  form,  as  protein-crystcds  or  crystalloids.  They 
exhibit  all  the  essential  properties  of  protoplasm,  and  are  not  true 
crystals,  differing  from  these  essentially  in  many  respects.  The  cubic 
crystalloids  of  the  potato,  for  example  (Fig.  52),  are  not  dissolved  by 
water,  but  break  up  in  a  peculiar  manner  so  as  to  appear  as  if  composed 
of  several  layers.  Crystalloids  generally  occur  in  the  cells  in  which 
reserve  food-materials  are  stored  up  for  future  use,  especially  in  oily 
seeds. 

Grains  of  aleurone  occur  frequently  in  the  endosperm  and  the  cotyle- 
dons. In  seeds  which  contain  starch  this  albuminous  substance  includes 
only  a  little  oil,  and  does  not  form  granules,  as  in  the  grasses,  bean, 
vetch,  sweet  chestnut,  &c.  In  oily  seeds,  on  the  contrary,  such  as  the 
Brazil  nut,  nutm^,  Umbelliferse,  &c.,  it  replaces  the  starch-grains. 
Crystals  of  calcium  oxalate,  or  roimdish  or  clustered  granules  {globoids)^ 
a  double  calcium  and  magnesium  phosphate  in  which  the  latter  is 
greatly  in  excess,  are  frequently  found  in  the  grains  of  aleurone,  im- 
bedded in  albuminous  substance. 

The  roots  of  Compositae,*  as  the  dahlia,  sunflower,  &c.,  and  less  often 
the  stems,  contain  a  peculiar  substance  called  inulin.  In  the  living 
cell  it  occurs  only  in  solution,  and  is  only  precipitated  on  evaporation 
or  on  the  addition  of  alcohol  or  of  some  other  substance  that  has  a 
strong  attraction  for  water.  If  the  process  is  successfully  and  rapidly 
performed,  the  inulin  has  the  form  of  fine  granules  which  have  often 
a  frothy  appear^ce  ;  but  if  the  process  goes  on  for  a  considerable  time, 
it  forms  beautiful  spherical  bodies,  called  sphere-crystals  (Fig.  53). 

Besides  these  substances  and  those  already  mentioned,  others  often 
occur  dissolved  in  the  cell-sap,  the  presence  of  which  is  proved  by 
chemical  tests,  but  which  cannot  be  detected  in  the  cell  itself  even  by 
the  microscope.  To  this  class  belong  especially  the  alkaloids,  strych- 
nine, brucine,  chinine,  cinchonine,  &c. 

By  the  tenii  cell-formation  is  understood  the  mode  of 
origin  and  multiplication  of  cells.  These  two  processes 
are  identical,  if  we  confine  ourselves  to  what  has  at  present 
been  determined  by  direct  observation,  and  do  not  assume 
an  equivocal  or  spontaneous  generation  by  which  new  cells 
are  formed  without  being  derived  from  mother-cells,  simply 
by  the  concourse,  under  favourable  circumstances,  of  organic 

*  [The  presence  of  inulin  is  not  confined  to  Compositae. — Ed.] 
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or  even  of  inorganic  substances.    Three  main  types  of  cell- 
formation  may  be  distinguished : — 

r.  The  renewal  or  rejuvenescetue  of  a  cell,  i.e.  the  forma- 
tion of  a  single  new  cell  from  the  entire  protoplasm  of  a  cell  al- 
ready in  existence.  This  occurs  in  the  formation  of  a  swarm- 
spo  e  out  of  the  entire  contents  of  a 
vegetative  cell,  especially  among  the 
A  gse  (see  Classification  of  Algas, 
I  Chap  VI.) 

2  Conjugation,  or  the  coales- 
cen  e  of  two  or  more  protoplasmic 
bod  es  in  the  formation  of  a  cell. 
Th  s  begins  with  the  lateral  approach 
of  two  neighbouring  cells,  and  the 
appearance  of  an  opening  ■  at  the 
po  nt  of  contact,  concludii^  with 
the  complete  union  of  the  contents 
of  he  two  cells  for  the  purpose  of 
ep  oduction  (production  of  spores). 
In  ts  typical  form  it  is  limited  to  a 
few  Algse  and  Fungi.  (Fig.  54.) 
3.  The  multiplication  of  cells,  or 
".JsuiImsu  ^gu  ^"  the  formation  of  two  or  more  pro- 
jusau  n.        »  oplasmic  bodies  out  of  one. 

Each  of  hese  modes  of  cell-formation  commences  by 
the  p  o  op  asm  wh  ch  s  destined  for  the  new  cell  losing  its 
previous  poofter  of  motion,  and  contracting  into  a  spherical 
form.  When  the  original  cell,  termed  the  mother-cell,  pos- 
sesses a  nucleus,  this  process  is  preceded  by  the  formation 
of  fresh  nuclei  which  are  destined  for  the  future  cells,  the 
daughter-cells  (Fig,  55,  I.).  The  formation  of  these  new 
secondary  nuclei  takes  place  either  by  the  division  (most 
frequently  the  bipartition)  of  the  existing  nucleus,  or  by  their 
re-formation  after  the  previous  absorption  of  the  original 
primary  nucleus  of  the  mother-cell;  as  many  new  nuclei 
being  formed  as  there  are  cells  to  be  produced.    In  the  further 


F1C-S4--C 
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course  of  development  two  opposite  conditions  occur,  which 
are  distinguished  as  free  cell-fonnation  and  cell- division. 

In  free  cell-formation  the  masses  of  protoplasm  of  the 
mother-cell  collect  around  the  nuclei  previously  produced, 


and  thus  form  themselves  into  new  cells  which  remain  en- 
closed within  the  mother  cell,  the  life  of  which  still  con- 
tinues for  a  time.  In  most  cases  they  have  already  formed  a 
cell-wall  of  cellulose  while  still  enclosed  within  the  mother- 
cell,  as  in  the  case  of  pollen-grains  and  the  embryo-sac  of 
Phanerogams  (Fig.  55  II.) ;  less  often  not  till  after  their 
escape,   as   occurs  in   swannspores.       This   membrane  at 
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cellulose  is  formed  outside  the  primordial  utricle  of  the 
protoplasm  by  the  solidifying  of  a  more  or  less  fluid  sub- 
stance which  is  secreted  by  the  protoplasm. 

The  formation  of  cells  by  cell-division  is  far  more  common 
than  that  by  free  cell-formation,  since  it  alone  takes  place 
in  all  processes  which  have  to  do  with  normal  growth.  In 
this  process  the  protoplasm  of  the  mother-cell  separates 
into  several  portions,  which  generally  fill  up  the  mother-cell 
so  completely  that  no  more  space  is  left  than  is  sufficient 


for  the  production  of  cell-walls.  In  certain  cases,  in  which 
the  membrane  is  formed  gradually,  the  division  of  the  proto- 
plasm into  its  separate  portions,  which  advances  from  the 
outside  of  the  cell  towards  the  centre,  is  accompanied  pari 
passu  by  the  formation  of  the  cell-walL  This  iirst  makes  its 
appearance  as  a  narrow  ridge  on  the  inner  surface  of  the 
original  cell,  which  gradually  increases  in  breadth  until  at 
length  it  has  divided  the  entire  cell-cavity  into  compartments. 


The  Cell  as  an  Individual,  35 

Actually  to  observe  this,  it  is  necessary  to  add  to  the  cells  at 
the  proper  stages  some  substance  with  an  attraction  for  water, 
such  as  alcohol,  so  as  to  contract  the  protoplasmic  con* 
tents  (Fig.  56).  Examples  of  this  are  furnished  by  many 
filamentous  Algae,  as  well  as  in  the  formation  of  the  pollen- 
grains  of  many  Dicotyledons.  The  formation  of  the  new 
cell- wall  does  not  always  proceed  so  gradually  and  uniformly 
along  with  the  division  of  the  protoplasm;  in  many  cases,  as 
in  the  formation  of  the  pollen-grains  of  the  great  majority  of 
Monocotyledons,  the  production  of  the  entire  cell-wall  takes 
place  suddenly,  or  at  least  so  rapidly  that  it  is  impossible  to 
detect  the  intermediate  steps  (see  Fig.  55  I.,  p.  33).  The 
number  of  daughter-cells  which  arise  m  the  mother-cell 
varies,  but  is  always  uniform  in  any  particular  -case. 

Not  only  is  the  number  of  cells  increased  by  cell-multi- 
plication, but,  in  consequence  of  the  newly-formed  cells  re- 
taining a  connection  with  one  another,  large  cellular  struc- 
tures are  produced,  the  most  complete  development  of 
which  occurs  in  the  higher  plants. 


CHAPTER  IL 

THE  CELL  AS   A  MEMBER  OF   A  GROUP   OF  SIMILAR  CELLS. 

Only  a  comparatively  small  number  of  plants  consist,  during 
the  whole  period  of  their  existence,  of  a  single  cell ;  in  the 
greater  number  the  cells  are  united  into  groups.  The  pro- 
duction of  these  groups  of  cells  is  caused  by  two  circum- 
stances : — In  the  first  place,  the  cell-walls  of  young  con- 
tiguous cells,  where  they  are  in  contact  with  one  another, 
amalgamate  into  a  homogeneous  mass ;  and  secondly,  cells 
originally  distinct  coalesce  with  one  another  when  the 
portions  of  the  walls  that  are  in  contact  are  of  neaiiy  the 
same  nature.     This  union  of  adjacent  cells  is  so  intimate 
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that  it  can  be  artificially  destroyed  only  by  chemical  re- 
agents which  dissolve  the  outennost  layers  of  the  cell-walls 
themselves.  It  nevertheless  happens  very  frequently  that, 
in  consequence  of  the  unequal  growth  of  adjacent  cells,  the 
cell-wails  which  have  already  coalesced  again  partially  or 
entirely  separate  from  one  another,  so  that  a  cavity  or  inter- 
eellular  space  is  formed  between  these  cells  (Figs.  60,  63) 
The  formandarrangement  of  these  small  intercellular  spaces 
differ  greatly  in  different  plants,  and  in  different  parts  of 
the  same  plant  They  occur,  for  example,  between  the 
spherical  cells  of  certain  groups,  where  they  form  together 
a  system  of  intercellular  passages,  which  often  increase 
into  capacious  air-cavities,  air-canals,  or  lai^e  open  spaces. 
The  causes  which  co-operate  in  the  formation  of  these  in- 
tercellular spaces  may  be  very  various ;  in  addition  to  the 
separation  of  cells  previously  united,  a  dismemberment  and 
subsequent  drying  up  of  dead  cells  may  be  especially 
mentioned. 

There  is  no  special  substance  uniting  and  nniformly  cementing 
togetlier  the  individual  cells ;  but  if  groups  of  thick- walled  cells  are 
examined,  it  is  generally  found  that 
the  concigaous  cells  are  connected 
together  by  a  uniform  meaian  layer 
apparently  common  to  the  two  cells. 
1 1  was  the  figuring  of  this  structure 
(''ig-  S7)  which  originated  the  idea 
of  a  peculiar  '  intercellular  sub- 
stance '  not  belonging  to  the  cells ; 
but  a  more  exact  investigation, 
especially  of  the  development  of 
the  groups  of  ceils,  shows  that  even 
in  these  cases  there  is  no  indepen- 
dent  median  layer,   but   rather    a 

hicb      region  where    a    coalescence    has 

J'JJ      taken  place  of  contiguous  cell-wails 

whicb  may  have  nndeigone  in  the 

important  change  in  their  chemical  nature. 


growth  SI 
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Certain  differences  exist  in  the  groups  of  similar  cells, 
according  to  which  they  are  distinguished  as  families  ot 
colonies,  tissues,  and  fusions  of  cells. 

A  edl-familf  originates  from  a  single  mother-cell ;  and 
each  of  the  daughter-cells  preserves  its  own  individuality, 
whicli  can  even  proceed  as  iax 
as  separation  from  the  family. 
In  Pediastrum  rotula,  for  ex- 
ample (Fig.  58),  the  green 
contents  of  each  mother-cell 
break  up  into  several  spherical 
^'?:..'?:7:*  .^°?i'?'._°f_.^^'J¥'_^  daughter-cells  ;  the  innermost 
membrane  of  each  separate 
mother-cell  then  protrudes  through  a  fissure  and  rapidly  en- 
larges, in  order  to  make  room,  in  the  cells  formed  in  it,  for  a 
creeping  motion  which  lasts  for  some  time.     As  soon  as 


lU ;  the  cells  theDiMlves  an 
m  ttll-wa])  eoBHSting  of  ii< 
developed  a  ^parate  cell-wall ;  c  the  ari)pnal  celL-walU 
mte  ceLU  have  become  free ;  Ihevconlipuefbr  wme  time 
esi,  and  deveJope  new  fainili«.< After  Cieokowiki.  x  330.) 


this  motion  ceases,  the  sister-cells  place  themselves  together 
so  as  to  form  a  plate,  and  produce  in  their  development  a 
new  colony.  Cell-families  occur  only  in  the  lowest  classes 
of  plants,  the  A!g«  and  Fungi  (Fig,  59). 

The  union  of  cells  into  tissues  and  cell-fusions  is  perma- 
nent, and  is  combined  with  a  limitation  in  various  ways  of  the 
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functions  of  (he  separate  cells.     In  the  former  the  cells  unite 

only  into  a  group,  the  elements  (separate  cells)  of  which  can 
still  be  easily  recognised,  and  still  possess  a  certain  individu- 


ality ;  in  the  latter,  on  the  contrary,  the  separate  cells  coalesce 
into  a  single  individual,  the  elements  of  which  are  often  com- 


pletely indistinguishable  as  such.  Both  are  of  much  greater 
importance  in  the  vegetable  world  than  cell-families,  since 
their  occurrence  is  incomparably  more  frequent 
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If  the  cells  which  constitute  a  tissue  aie  pointed  at  their 
ends,  much  longer  than  broad,  and  dovetailing  into  one 
another,  the  tissue  iscsHii^prostnehyma.  If  the  cells,  on  the 
other  hand,  are  arranged  in 
rows,  are  bounded  by  flat  or 
curved  walls,  and  not  much 
longer  than  broad,  it  is 
called  parenchyma.  The  two 
kinds  of  tissue  frequently  pass 
over  into  one  .  another,  and 
may  be  more  or  less  regular 
according  to  the  mode  in 
which  the  cells  have  been 
developed  (Figs.  60-  63).  To 
special  forms  the  terms  wllm- 
nhyma  and  '  tela  contexta '  have  -^ 
been  applied.  The  former 
usually  consists  of  cells  which  , 
have  become  more  strongly  ^ 
thickened  at  the  corners 
than  at  the  sides ;  the  thicken- 
ing-masses  are  also  capable 
of  swelling,  so  that  when  they 
lie  in  water  they  appear  glossy 

and  swollen,  and  assume  a  g,^^  6>.— Moderately  ihickfned  fiatd 
gelatinous  or  mucilaginous  {^"jY""  ^""^ '"  f'*  "*  '*"  **"*■ 
character    (Fig.    64).      '  Tela 

contexta'  is  a  tissue  in  which  the  simple  or  branched  elon- 
gated thread-like  cells  are  not  regularly  united  to  one 
another,  as  is  the  case  in  the  kinds  of  tissues  previously 
described.  The  separate  cells  are  in  this  case  arranged 
in  threads  which  do  not  run  parallel  to  one  another,  but 
cross  irregularly,  forming  a  tissue  the  separate  cells  of 
which  are  not  unfrequently  grown  or  cemented  together 
in  an  intimate  manner  and  in  a  variety  of  ways.  This  occurs 
in  Fungi,  Lichens,  and  some  Algae  (Fig.  65,  p.  43}.    Some- 
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times,  especially  in  the  pileus  of  certain  Fungij  particular 
cell-layers  of  a  *  tela  contexta '  form  aii  apparently  regular 
parenchyma,  in  which  however  the  whole  course  of  de- 
velopment shows  that  we  have  here  distinct  but  contiguous 
filaments  of  cells  (/>.  filaments  of  distinct  cells  arranged  in 


Fig.  63.— Stellate  parenchyma  from  the  pith  of  the  rush,  y uncus  conglonter- 

atus  ;  2' intercellular  space,  (x  250.) 

rows) ;  and  a  tissue  of  this  kind  has  therefore  been  called  a 
pseudo-parenchyma. 

Other  kinds  of  tissue^  distinguished  more  by  their  func- 
tions with  respect  to  the  life  of  the  plant  than  by  external 
characteristics,  are  those  termed  generating  tissue  and  healing 
tissue. 

With  respect  to  the  production  of  new  cells,  even  super- 
ficial observation  shows  that,  at  least  in  the  higher  plants,  as 
for  example  in  trees,  it  does  not  proceed  everywhere  uni- 
formly, but  is  confined  to  particular  spots.  To  spots  of  this 
nature  the  terms  growing  pointy  cone  of  growth^  and  grow- 
ing or  formative  layer,  have  been  applied,  according  to 
their  degree  of  development.     Instances  of  growing  points 
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occur  in  the  apices  of  buds  ;  of  fonnauve  layers  between 
the  wood  and  the  bark  of  [exogenous]  trees.  Both  owe 
their  special  character  to  the  fonnation  of  new  cells  or 
oi^ans  by  means  of  a  special  tissue  to  which  the  names 


formative  or  generating  tissue  and  meristem  have  been  given. 
In  contrast  to  this,  a  tissue  in  which  the  cells  are  not  as  a 
rule  capable  of  dividing,  is  called  a  permanent  tissue,  and 
the  separate  cells  which  no  longer  serve  for  tlie  formation 
of  new  cells,  permanent  cells. 

The  generating  tissue  of  the  growing  point  of  flowering 
plants  is  parenchymatous,  and  is  called  primary  paren- 
chyma or  primary  meristem,  because  every  kind  of  cell  and 
every  part  of  the  plant  may  or  actually  does  develope, 
directly  or  indirectly,  from  it.  Independently  of  growth  by 
the  actual  increase  in  size  of  the  individual  cells,  the  apical 
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growth  of  plants  depends  mainly  on  the  constant  fresh  forma- 
tion of  this  tissue 

The  increase  of  thickness  in  plants,  on  the  contrary;. 


occurs  especially  in  those  parts  where  there  are  permanent 
structures  which  increase  in  diameter  during  the  whole 
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period  of  their  existence,  chiefly  or  even  exchisively  from 
the  formation  of  a  special  generating  tissue,  the  cambium. 
The  cambium  is  usually  a  prosenchymatous  tissue,  not 
found  in  the  growing  point,  but  distributed  elsewhere  in 
very  various  parts  of  the  plant.  To  it  is  due  the  final  deve- 
lopment of  the  fibrovascular  bundles,  which  however  originate 
in  its  forerunner,  the  procambium.  The  cambium  forms, 
according  to  circumstances,  a  central  cambium-cylinder, 
or  isolated  dispersed  cambium-bundles,  or  a  cambium- 
ring.  A  thickening-ring  of  this  character  occurs,  for 
example,  in  the  layer  formed  between  the  wood  and  the  bark 
of  those  trees  which  are  characterised  by  the  formation  of 
annual  rings.  In  the  most  lowly  organised  plants,  the  Fungi, 
Lichens,  and  Algse,  both  kinds  of  generating  tissue  are 
wanting,  and  every  one  of  the  cells  has  an  eqi^al  capacity  for 
originating  new  vegetative  cells,  ue.  such  as  serve  only  for 
growth  and  not  for  reproduction.  Although  the  production 
of  new  cells  is  the  special  province  of  the  specific  generating 
tissues  now  described,  this  does  not  imply  that  the  elements 
of  other  tissues  are  entirely  destitute  of  this  power ;  on  the 
contrary,  it  is  strikingly  manifested  in  the  annual  and  espe- 
cially in  succulent  parts  of  plants. 

In  direct  contrast  to  the  generating  tissues  are  the 
healing-tissues^  suberous  tissues,  or  cork-tissues.  The  former 
are  of  service  to  the  plant  by  their  long-continued  and  vigor- 
ous growth  and  the  formation  of  new  cells  \  while  the  latter, 
dying  quickly,  lose  their  cell-sap ;  their  cell- walls  become  con- 
verted into  cork,  and  thus  form  a  mantle  or  envelope  which 
protects  the  subjacent  cells  from  injurious  influences  of  all 
kinds.  Two  kinds  of  this  tissue  are  distinguished — true  cork 
or  suber,  and  periderm ;  the  two  are  not,  however,  sharply 
separated,  but  pass  into  one  another  in  a  variety  of  ways. 

True  cork  is  a  very  elastic  tissue  consisting  of  thin-walled, 
usually  nearly  cubical,  cells  (Fig.  66).  It  does  not  peel  oft', 
but  often  contains  long  clefts,  as  is  commonly  seen  in  the 
bark  of  the  maple. 
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Periderm  consists  of  tabular  cells  with  thicker  walls, 
which,  when  looked  at  vertically,  have  a  regular  polygonal  or 
stellate  appearance.     It  has  in  general  more  vital  power,  and 


/ — T^ 


Fig.  66. — Transverse  section  through  the  bark  of  the  juniper  ;  b  b  hast-cells  ; 
in  tn  medullary  rays  ;  k  layer  of  cork  formed  of  thin- walled  cells  parallel     - 

to  the  circumference  of  the  stem,  (x  370.) 

>. 

is  firmer,  less  elastic,  and  more  leathery  than  true  cork. 
When  it  is  several  layers  in  thickness,  thick  and  thin- 
walled  layers  often  alternate  (Fig.  67),  causing  frequently  a 
peeling  off,  as  in  the  birch  and  cherry ;  in  the  beech  and 
silver  fir,  on  the  contrary,  the  periderm  does  not  peel  off. 

Cork  is  the  trae  healing-tissue  of  plants,  and  as  such  is  of  great 
importance.  In  the  fresh  surfaces  of  wounds,  the  uppermost  layers  of 
cells  as  a  rule  dry  up,  while  in  the  tissue  beneath  them,  still  full  of  sap, 
new  cells  are  formed  which  are  the  origin  of  the  cork.  A  very  good 
example  of  the  importance  of  this  production  of  cork  is  afforded  by  the 
cochineal-cactus.  This  plant  is  multiplied  by  cuttings,  which  would 
decay  at  once  if  they  were  set  in  the  ground  with  the  surfaces  of  the 
wound  fresh.  The  shoots  which  are  intended  as  cuttings  are  therefore 
first  laid  for  about  four  weeks  in  a  dry  place  exposed  to  the  sun,  in 


FiO.  ej.—Taavrene  KctKni  ihrough  the  uineimoBl  layer  of  the  bark  of  the  oak  ;  rp  layer  of 
'  periderm  consistioo;  c(  thick  walled  cells  hlledwitha  homogeoeDua  red  mass  ;/^parcn- 
chynutoua celli  with mrch  gram!  il  parenchynialouj  cells  withmodcralclythickeiKd, 
It"  with  ftrongly  thickened  walla  .  B^bast  Msselsorsieve-tubea;  aybaai-iubti  , «  v"*^ 
chyma  and  ha^-^e^^ls ;  4  r  a  [ar^  parendiTmUouft  CbUcn&Um\^  3l4;x^V3^\  x  •t.-s^Xi^ 
dam-lik«  liiiue.  (x  no.) 
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order  iHal  a  cork-tissue  may  be  foimed,  which  closes  the  wound  and 
prevents  the  decay  of  the  cutting- 
Larger  wounds,  as,  for  instance,  when  branches  are  cut  off,  are  often 
<Josed  by  the  formation  of  elevated  cushion -shaped  masses  of  cells,  not 
insisting  entirely  of  cork-tissue,  which  are  Iresh  fonned  over  (he  whole 
surface  of  the  wound.  Such  a  tissue  is  called  an  overgrowth,  and  is 
teen  especially  in  the  beech,  silver  lir,  and  lime  (Kig.  68).   Of  a  similar 


nature  is.  the  callus,  to  which  we  shall  recur  when  speaking  of  repro- 
duction by  means  of  cuttings. 

Smaller  developments  of  cork  at  particular  points  of  the 
surface,  which  assume  characteristic  forms  according  to  the 
species,  are  termed  lenticels.  They  appear  in  yoting  branches 
before  the  formation  of  periderm,  and  occur  in  the  birch, 
beech,  elder,  &c. 
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The  special  characteristic  of  cell-fusions  consists  in  the 
cells  of  which  they  are  composed  uniting  completely  by 
coalescence  into  a  uniform  whole  of  a  higher  type.  Unions 
of  this  kind  are  usually  accompanied  by  the  transformation 
and  absorption  of  at  least  a  portion  of  the  surfaces  of  con- 
tact Fusions  of  a  less  complete  kind  have  already  been 
described  in  the  coalescence  of  the  contiguous  cells  of '  tela 
contexta ; '  unions  of  a  more  perfect  description  occur  in 
conjugation  and  the  formation  of  vessels. 

The  process  of  conjugation,  to  which  reference  has 
already  been  made,  begins  with  the  lateral  coalescence  of 
two  contiguous  cells,  and  the  formation  of  an  opening  at  the 
point  of  contact ;  finally  the  contents  of  the  two  cells 
coalesce  in  the  production  of  a  spore  (Fig.  54,  p.  32).  This 
process  has  hitherto  been  observed  only  among  Fungi  and 
Algse,  and  especially  in  the  family  of  Conjugatse  belonging 
to  the  latter. 

Vessels  arise  from  the  coalescence  of  several  cells,  which 
are  then  termed  vascular  cells ;  the  division-walls  partially 
disappearing  while  the  union  continues  at  the  margin. 
Vessels  are  divided,  according  to  their  form  and  contents, 
into  vessels  in  the  true  sense  of  the  word,  bast-tubes  or 
bast-fibres,  sieve-tubes  or  bast-vessels,  utricular  vessels,  and 
laticiferous  vessels. 

If  a  number  of  spiral  cells  are  imagined  placed  one  over 
another  and  coalescing  from  the  more  or  less  complete  ab- 
sorption of  the  partition-walls,  a  spiral  vessel  is  produced. 
Vessels  are  formed  in  a  precisely  similar  manner,  from  several 
of  the  kinds  of  cells  previously  described  ;  and  we  thus  get 
annular  vessels,  reticulate  vessels,  scalariform  vessels  (Fig.  69), 
and  pitted  or  dotted  vessels  (Fig.  70). 

The  individual  vascular  cells  sometimes  stand  vertically  one  over  an- 
other, and  coalesce  by  their  horizontal  faces ;  sometimes  they  are  in  con- 
tact laterally,  and  with  faces  that  stand  obliquely.  The  partition-walls 
do  not  always  entirely  disappear  ;  but  often,  especially  when  they  stand 
obliquely,  portions  remain  which  are  more  strongly  thickened  and  of  a 
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Teticulate  or  scalariform  character  (Fig.  69,  s  s).  True  vessels  usually 
become  lignified,  but  are  never  branched,  or  at  all  events  extremely 
rarely.  In  the  mature  state  they  contain  nothing  but  air ;  but 
occasionally  in  the  spring  a  portion  of  the  sap  sucked  up  by  the  roots  is 
pressed  into  these  air-containing  vessels,  a  process  on  which  depends, 
for  example,  the  *  weeping  *  of  wounded  grape-vines.  In  many  Vascular 
Ciyptogams,  Gymnosperms,  and  Monocotyledons,  as  well  as  in  a  few 
Dicotyledons,  rows  of  vascular  cells  are  found  in  places  where,  from 
the  analogy  of  other  plants,  one  would  expect  to  find  vessels,  the 
partition-walls  not  having  become  absorbed.  Such  structures  compose 
what  is  called  a  conducting  tissue  ;  and  the  separate  cells  are  not  called 
vascular  but  conducting  cells. 

Bast-tubes  or  bctst-fibres  are  long  pointed  tubes — not 
cells,  because  their  elements  have  completely  coalesced — 
usually  thick-walled,  rarely  branched.  They  are  not  often 
in  direct  communication  with  one  another,  and  then  always 
only  by  lateral  branches.  They  are  commonly  united  into 
bundles,  and  as  such  form  an  essential  part  of  many  fibro- 
utricular  bundles  (see  Chap.  VI.). 

While  in  vessels  the  separate  vascular  cells  of  which  they  are  com- 
posed can  still  be  made  out  with  tolerable  ease,  this  is  by  no  means  the 
case  in  bast-tubes  ;  on  which  account  opinion  was  long  divided  among 
botanists,  whether  bast-tubes — the  development  of  which  is  generally 
extremely  difficult  to  observe — are  formed  by  the  coalescence  of  cells, 
or  by  a  single  cell  increasing  from  20  to  50  times  its  original  length.  The 
simple  consideration,  however,  that  if  the  growth  of  bast -tubes  were 
of  the  latter  nature,  it  must  be  accompanied  by  an  increase  in  thickness 
of  the  entire  bundle  of  which  it  formed  a  part,  which  is  not  actually  the 
case,  shows  that  they  can  arise  only  by  the  coalescence  of  cells. 

A  close  relationship  subsists  between  sieve-tubes, 
utricular  vessels,  and  laticiferous  vessels,  partly,  on  account 
of  their  form, .  partly  of  their  contents  ;  all  appearing  to 
have  for  their  function  the  storing  up  of  nutrient  fluids, 
and  the  conducting  of  them  to  the  parts  of  the  plant  where 
they  are  required. 

Sieve-tubes  or  bast-vessels  result  from  the  coalescence  of 
cells  standing  one  over  another,  the  partition -walls  of  which, 
ox  sieve-discs,  have  become  perforated  in  the  manner  of  a  sieve ; 
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and  some  have  also  sieve-like  perforations  through  their 
side-walls  (Figs.  71-74)-     Of  similar  construction  are  lat- 
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ticed  cells,  the  partition-walls  of  which  are  not  actually  per- 
forated,  but  only  thickened  in  a  sieve-like  manner.  Bodi 
contain  as  a  rule  a  turbid  granular  sap,  are  mostly  associated 


ides  (r)j  uid  coQIt^oui  ceUi  a  and  Eufhurbia  spltndens,  with  rod'  and 

h,  from  tbv  £teQi  tA  aTradeKntttiiL  bonc^ahaped  granules  of  starch  float- 


in  bundles,  and  take  part  in  the  formation  of  the  fibro- 
vascular  bundle  as  soft  bast. 

Utricular  vessels  are  distinguished  from  sieve-tubes  by 
their  contents  and  situation.  The  contents  are  dear  or 
milky,  but  always  include  bundles  of  acicular  crystals 
(xaphides).     Their  ceils,  which  are  moderately  thin-walled, 
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(Fig.  75),  but  otherwise  of  very  various  structure,  are  in 
contact  by  their  ends,  which  are  either  broad  or  narrow,  and 
often  form  great  systems  of  tubes,  which  are  never  associated 
into  bundles,  but  run  separately  and  usually  in  a  parallel 
direction.  They  occur  only  in  the  outer  cortex  and  in  the 
foliar  organs  in  most  Monocotyledons  and  in  some  Dicoty- 
ledons. 

Lalicifereus  vessels  are  simple  or  branched  tubes,  fre- 
quently anastomosing,  or  united  into  a  more  or  less  close 
network    (Figs.    76,    77).     They  always  contain  a  fluid 


from  a  veia  of  a  ieaf  of  the 


peculiar  to  the  plant,  which  is  often  coloured  and  frequently 
of  a  milky  appearance,  and  is  called  latex.  They  occur  in 
only  a  comparatively  small  number  of  plants,  usually  in 
the  cortex  between  the  bast-bundles  and  the  wood,  but 
sometimes  also  in  the  outer  cortex,  the  pith,  and  the  wood. 
They  accompany  the  fibrovascular  bundles  into  the  leaves. 
Nearly  related  to  them  are  the  iaticiferoits  celts,  long 
branched  simple  cells,  such  as  occur  in  the  Euphorbiaceas, 
Horaces,  Asclepiadese,  Aconiium,  &c.  The  latex  of  different 
plants  contains  a  great  variety  of  substances:  gitft^^ess^.. 
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albumen,  opium  (in  Papaver  somniferum),  caoutchouc  (in 
Siphonia  elastica,  Isonandra  gutta,  and  species  oiFicus),  bone- 
shaped  grains  of  starch  (in  tropical  species  of  Euphorbia),  &c. 
The  laticiferous  are  often  distinguished  from  the  utricular 
vessels  only  by  the  absence  of  raphides.  Transitional  forms 
between  sieve- tubes  and  laticiferous  vessels  occur  apparently 
in  the  elder  and  in  Aceracese. 

It  has  not  yet  been  certainly  determined  whether  the  latex  is  a 
product  of  excretion  or  a  reserve  material.  The  laticiferous  vessels 
and  the  true  vessels  together  have  been  compared  to  the  venous  and 
arterial  blood-vessels  of  animals  ;  but  since  a  direct  connection  between 
them  has  not  been  proved,  and  the  mature  vessels  are  normally  filled 
with  air,  this  comparison  cannot  be  maintained. 

Closely  connected  with  the  laticiferous  vessels  are 
certain  groups  of  cells,  to  which  belong  the  formation  and 
secretion  of  particular  substances,  and  which  have  been 
included  under  the  indefinite  term  receptacles  for  sap.  In 
examining  them,  the  chief  point  to  notice  is  whether  the 
cells  themselves  contain  the  secretion  formed  in  them,  or 
whether  it  has  been  transferred  into  the  nearest  intercellular 
spaces.  It  is  not  always  possible,  however,  to  draw  a  sharp 
line  of  demarcation  between  these  two  conditions,  which 
may  both  occur  together. 

Single  cells  of  this  nature,  or  smaller  groups  of  cells, 
are  called  glands^  while  the  larger  sap-receptacles  which 
extend  to  a  greater  length  through  the  parenchyma  are 
texrcitd  passages.  These  latter  never  possess  a  true  cell- wall, 
and  are  not  produced  by  a  deUquescence  of  cell-walls,  but 
by  masses  of  tissue  becoming  separated  from  one  another, 
and  thus  forming  a  cavity  between  their  cells;  and  are  there- 
fore true  intercellular  spaces.  Whether  this  is  a  result  of 
vital  processes,  or  of  pressure  exercised  by  the  separated 
masses  on  those  in  their  vicinity,  is  not  yet  determined. 

According  to  the  nature  of  the  substance  secreted,  these 
spaces  are  distinguished  into  oilpassages,  as  in  Umbelliferae 
and  Compositae ;  resin-passages,  as  in  Conifers  (Figs.  78,  79) ; 
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gum-passages,  as  in  Cactaceas,  Cycadese,  Amygdaleje,  &c.;  oil- 
glands,miht\^3Lve5cSJIypericumperfaralum,i^zi:xsot  Citrus, 


Fig.  ;S.— Mode 


■hootiA  AMes  exceisa  in  process  of  (feTeLopment  ;  in  the  cortex  the  amall  Eroup 
:onIainiiig;  starch-grains  and  in  tKe  act  of  divisinn  has  separatca  from 


inthecorte- 
1  chlorophyll :  H^  th 


&-C. ;  camphor-glands;  sLod resin-g/ands (Fig.  Bo).     The  tenii 
honey-glands  or  sectaries,  finally,  is  given  to  any  ^rt.  q?  -i. 
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flower,  whatever  its  structure  [or  morphological  nature] 
which  is  formed  for  the  secretion  of  honey  or  a  saccharine 
fluid. 


All  these  separations  of  masses  of  tissue  are  essentially  diflerent 
from  the  transformations  of  the  cell-wall  previously  described  ;  although 
it  happens  often  enough  with 
processes  of  secretion  that  celt- 
walls  are  ruptured  by  the  pres- 
sure of  the  substances  stored 
up  in  them,  and  are  carried  , 
awajr  along  with  the  waste 
products  (see  p.  23). 

In  this  connection 
should  be  mentioned  also 
iTfiiS'^  certain  structures  which 
are  possibly  of  consider- 
able importance  for  the 
life  of  the  plant,  but  which 
have  as  yet  been  but  httle  studied,  the  overgrowths  of  wax 
on  the  siulace.    These  occur  especially  as  a  delicate  bloom, 
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as  for  example  on  the  plum,  and  are  sometimes  dense  agglo- 
merations of  rods  or  needles,  as  on  the  leaf  of  the  rye,  some- 
times simple  coatings  of  granules,  as  on  the  *  frosted '  leaves 
of  many  lilies  ;  sometimes  as  coatings  of  rods  which  stand 
vertically  on  the  surface  of  the  cuticle,  as  on  the  leaves  of 
the  banana ;  or  finally  as  incrustations,  as  in  Opuntia, 


CHAPTER  III. 

THE  CONSTRUCTION   OF  THE  PLANT   OUT  OF  CELLS. 

All  plants  consist  entirely  of  cells  and  of  the  products  of 
the  formation  and  transformation  of  cells,  which  are  hence 
called  the  elementary  organs  of  the  plant. 
Only  a  few  plants  belonging  to  the  class 
of  Algae  (Fig.  8i)  [and  Fungi]  are  unicel- 
lular ;  by  far  the  larger  number  consist  of 
many,  and  most  of  an  innumerable  number 
of  cells,  which  take  part  in  the  construc- 
tion of  the  plant.  In  the  simplest  multi- 
cellular plants  the  cells  are  arranged  in 
filaments,  />.,  in  simple  rows  one  above 
another,  as  in  the  filamentous  Algae  and 
many  Fungi  (see  Fig.  i,  p.  7).  Those  are 
more  highly  organised  which  consist  of 
plates  of  cells  arranged  in  a  single  layer,  as 
occurs  also  in  certain  Algae,  e.g,  the  Ulvaceae  (Fig.  82).  But 
by  far  the  most  common  structure  is  for  the  plant  to  be 
composed  of  masses  of  cells  radiating  firom  one  another  in 
all  directions.  The  course  of  development  of  this  mass  of 
cells  exhibits  the  following  variations  in  the  different  sections 
of  the  vegetable  kingdom. 

In  the  higher  flowerless  plants  the  mother-cell  of  an  em- 
bryo or  shoot  breaks  up  into  several  cells  of  unequal  value. 
The  cell  which  remains  at  the  apex,  or  apical  cell,  may  be 


Fig.  81. — A  unicellu- 
lar Alga,  Botiydium 
Wallrothii.  (See  also 
Fig.  380,  p.  247.) 
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described  as  the  '  primogenita  j '  all  the  functions  of  the 
mother-cell  are  transferred  to  it;  it  grows  to  be  like  its 
parent  in  every  respect ;  and  the  same  process  of  division 
is  then  repeated  in  it  The  building  up  of  the  mass  of  cells 
of  which  the  plant  consists  results  from  the  division  in  all 
directions  of  the  remaining  daughter-cells  (Fig.  83,  i). 

In  flowering  plants — at  least  in   Monocotyledons  and 
Dicotyledons  (Fig.  83, 11) — the  mode  of  development  is  dif- 


ferent The  mother-cell  of  the  embryo  here  breaks  up  at 
once  into  a  great  number  of  equivalent  cells,  which  again 
divide  into  various  groups  of  cells,  each  one  of  these  assisting 
in  building  up  the  structure  of  the  plant,  playing  the  same  part 
throi^hout  in  the  entire  course  of  vegetative  development, 
and  carrying  on  its  functions  independently  of  the  others. 
The  order  of  succession  in  the  formation  of  the  various 
groups  of  cells  is  as  follows  : — The  first  independent  tissue 
formed  is  the  epidermal  tissue  or  dermatogm.  The  layers 
of  cells  lying  immediately  beneath  then  begin  to  develope  in 
a  peculiar  manner  as  cortical  tissue  or  periblem,  the  paren- 
chymatous or  primary  cortex  being  formed  from  them.  This 
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tissue  finally  encloses  the  plerome  or  intermediate  tissue, 
situated  not  veiy  deep  down  and  laterally  from  the  apex, 
which  breaks  up  into  the  procambium  and  the  fundamental 
tissue.  The  procambium  is  fonned  in  many  plants  from  the 
entire  outer  zone  of  the  plerome,  while  in  others  it  consists 
of  only  a  few  groups  of 
its  cells  ;  from  the  fun- 
damental tissue  it  is 
fiirther  distinguished  by 
the  arrangement  and  the 
form  of  its  cells,  which 
are  prose  nchymatous, 
while  those  of  the  funda- 
mental tissue  remain 
parenchymatous. 

The  contrast  between 
the  epidermal  tissue  and 


the  subjacent  masses  of  tissue  is  the  more  evident  the  greater 
the  exposure  of  the  part  of  the  plant  to  air  and  light,  and  is  also 
usually  more  conspicuous  in  the  permanent  parts  than  in  those 
which  are  more  fugitive.  In  the  lowest  plants,  Algse,  Fungi, 
and  Lichens,  and  even  in  the  stem  of  Hepaticse,  the  epidermal 
Structure  consists  only  in  the  outer  layers  of  cells  having 
thicker  and  firmer  cell-walls  and  smaller  cavities  than  the 
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rest.  In  some  Mosses  and  in  all  the  more  highly  organised 
plants  at  least  one  layer  of  cells  specially  defined  and  de- 
veloped, the  ^///<?rw/>,  exercises  special  functions.  In  true 
roots,  and  in  many  root-like  underground  stems,  as  well  as 
in  many  plants  which  grow  submerged  in  water,  it  is  less 
differentiated  from  the  subjacent  tissue  than  is  the  case  in 
most  stems  and  in  leaves. 

The  outer  side  of  the  outermost  layer  of  epidermal  cells  is  gradually 
transformed  into  the  so-called  cuticle  (see  Fig.  21,  p.  16),  a  thin 
structureless  membrane,  but  little  sensitive  to  external  and  even  to 
chemical  agencies,  insoluble,  for  example,  in  concentrated  sulphuric 
acid  or  in  potash.  The  cells  of  the  epidermis  usually  contain  clear  or 
coloured  fluids,  occasionally  crystals,  rarely  chlorophyll.  Their  form  is 
very  various,  but  usually  tabular  or  conical,  or  sometimes  even 
papillseform,  i.e.  projecting  on  the  outside  in  the  form  of  knobs  or 
bladders.  The  peculiar  appearance  of  many  structures,  such  as  the 
velvety  gloss  of  petals,  is  due  to  papillae  pf  this  nature  (Fig.  84).  In 
many  cases  there  lie  beneath  the  epidermis  peculiar  layers  or  strings  of 
cells  (the  kypoderma\  which  are  perhaps  best  included  in  the  epidermal 
tissue.  They  consist  either  of  thick-walled  prosenchjonatous  bundles 
which  contribute  to  the  greater  firmness  and  elasticity  of  the  epidermis, 
as  in  the  aerial  portion  of  the  stem  of  Equiseta,  and  the  acicular  leaves 
ol Tinus  pinaster,  or  of  collench3anatous  tissue  which  tends  to  increase 
the  difference  of  tension  between  the  epidermal  and  the  subjacent 
tissues  (see  Chap.  V.).  In  plants  with  a  long  term  of  life,  and  which 
increase  greatly  in  girth,  cork  is  subsequently  formed  in  the  epidermal 
cells  themselves  or  the  subjacent  layers  of  tissue,  replacing  the  true 
epidermis,  which  has  generally  in  the  meantime  perished. 

The  true  epidermis  consists,  when  young,  of  similar  cells 
which  are  everywhere  closely  contiguous.  In  the  course  of 
•  growth  some  of  these  separate  from  one  another,  the  deri- 
vative cells  that  result  from  one  or  more  divisions  leaving  a 
crevice  or  pore  between  them  which  is  called  a  stoma  (Fig. 
85).  These  are  always^  enclosed  by  two  or  four  cells,  the 
guard-cells^  which  are  crescent- shaped,  and  also  smaller  and 
with  thinner  walls  than  the  rest  of  the  cells  of  the  epi- 

*  Exceptions,  however,  occur  in  the  case  of  the  Marchantiese  and 
Rhizooarpex,  * 


Fig.  85.— I.  Horizontal  section  ihroueli  the  efodentils  of  the  nndet-side  of  the  leaf  of 
Emniynina  jafimiciii,  looked  at  from  below.  1/ jtomiH  (x  3^)>:  II,  Course  o( 
drrelopmenl  of  the  stoma  of  A  rihro/fodium  cirrfuttmri :  1  f  trt  molhei-cell 
nady  for  division  ;  if,  i/",  rjr*"'  suffiessiw!  stages  Dl  divirioB  v  \U,  lAiWW 


6o  Slruciural  and  Physiological  Botany. 

dermis,  and  are  in  addirion  distinguished  from  them  by 
containing  chlorophyll.  This  last  circumstance  gave  rise  to 
the  eariier  view  that  these  cells  belong  to  the  subjacent 
parenchyma  of  the   leaf   rather    than   to  the    epidennis 


Fia  86,-1.  Transverse  section  Ihrouah  ihe  epidcrraia  of  Ihe  leif  of  Cycas  rtvulalu ; 
1  etevatioo  of  the  coidernii.s  ;  U.  Transverse  section  through  the  efjdenms  of 
th«  under-sideof  iheleafof /^f/r/nfi'Hm  I'l'^rf ;  ffcpidcrrnal cells;  f/stonu; 
/  parenchyma  of  the  leaf :  f  ait-cavity.  (x  400.) 

itself.  The  stomata  are  sometimes  found  at  the  bottom  of 
a  funnel-shaped  depression,  sometimes  on  a  level  with 
the  epidermal  cells ;  while  sometimes  (Fig.  86)  they  are 
even  elevated  to  a  higher  level.    They  establish  a  con- 
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nection  between  the  intercellular  spaces  in  the  interior  filled 
with  air  and  the  atmosphere.  The  interchange  of  gases 
which  is  thus  brought  about  is  regulated  by  the  guard-cells 
being  sometimes  more  and  sometimes  less  close  together,  so 
that  the  pore  may  be  occasionally  closed. 

Stomata  are  found  in  all  the  higher  plants,  from  the 
Hepaticae  upwards.  They  usually  occur  in  the  green  parts, 
more  rarely  in  the  coloured  petals  (as  in  the  hyacinth, 
crown  imperial,  &c.),  [in  the  coloured  bract  or  spathe  of 
Rtchardia\  and  in  fruits  and  seeds  (as  the  tulip).  They  are 
wanting  in  those  leaves  which  grow  submerged  in  water ;  and 
in  floating  leaves  occur  only  on  the  upper  surface.  In  most 
Monocotyledons  both  surfaces  of  the  leaf  are  provided  with 
stomata,  while  in  Dicotyledons  they  are  generally  almost  or 
altogether  absent  from  the  upper  surface.  No  general  rule 
can  be  given  for  their  number  nor  for  their  arrangement, 
which  possesses  a  definite  character  only  in  a  few  groups  of 
plants,  as  e,g.  the  Equisetaceae  ;  in  Coniferae  and  Grasses  the 
arrangement  is  invariably  linear ;  in  the  Begonias  they  are 
arranged  in  groups,  &c.  By  far  the  most  common  size  of 
the  stomata  ranges  between  0*0002  and  0*0008  mm. ;  but 
it  may  vary,  as  far  as  observations  have  yet  been  made, 
between  0*00459  (i^  Amaryllis  formosissima\  and  0*00011 
(in  Amaranthus  caudatus). 

Hair-like  bodies  or  trichotnes^  are  unquestionably  epider- 
mal structures,  and  may  be  found  even  on  the  youngest 
parts  of  the  stem,  leaves,  and  roots.  Under  this  category 
are  included  hairs,  bristles,  stinging  hairs,  prickles,  scales, 
glands,  and  glandular  hairs.  Whether  the  leaf-like  '  paleae ' 
of  Ferns  belong  to  this  class,  or  should  rather  be  regarded  as 
leaves,  is  still  doubtful.  Hairs  arise  by  an  elongation  of 
particular  epidermal  cells  (Figs.  87,  89) ;  and  if  attached  to 
a  root  are  called  root-hairs.  They  are  either  simple  or 
branched,   and  consist  of  one  or  several  cells.      Bristles 

'  See  also  the  next  chapter. 


^sa- 
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result  from  the  walls  of  hairs  becoming  thicker  and  woody, 
i.e.  by  the  deposition  of  lignin.  Hairs  are  not  often  found 
in  the  interior  of  plants,  but  occur  in  the  air-passages  of 
NyniphEeaceae.  Stinging-Hairs  are  such  as  secrete  an  acrid 
irritating  fluid  which  escapes  when  they  are  injured ;  they 
often  stand,  as  in  the  stinging-nettle,  on  a  cushion-like 
base  (Fig.  88).  Prickles  (Fig.  90)  consist  of  a  great  number 
of  thick-walled  woody  cells.     Scales  [ox  peltate  hairs]  exhibit 


^ 


a  great  complication  of  structure,  consisting  of  an  elongated 
epidermal  cell,  the  pedicel-cell,  which  bears  at  its  apex  a 
number  of  cells  expanded  into  the  fomi  of  a  shield  {Fig.  91). 
Glands  consist  of  a  number  of  cells  puffed  out  like  bladders, 
in  which  special  fluids  of  various  kinds  are  secreted.  Thus, 
for  example,  the  leaf-buds  are  often  rendered  viscid  by  a 
gummy  substance,  or  one  composed  of  a  mixture  of  muci- 
lage and  drops  of  balsam,  the  first  resulting  generally  from 
the  conversion  into  mucilage  of  an  epidermal  layer  lying 
beneath  the  cuticle,  as  in  the  violet,  horse-chestnut,  and 
plum.     (See  Fig.  80,  p.  54.)    If  glands  aire  elongated  into 
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the  form  of  a  hair,  or  borne  on  the  apex  of  pedicel-cells,  they 
are  call^di  glandular  hairs  (Fig.  92). 

The  primary  cortex  which  developes  out  of  the  periblem 
consists  commonly  of  thin-walled  succulent  parenchyma 
containing  starch  or  chlorophyll ;  other  forms  of  cells,  how- 
ever, as  laticiferous  and  utricular  vessels  and  glands,  as  well  as 
intercellular  passages  containing  sap,  may  also  occur  in  it 
In  some  plants  masses  of  cork  are  found  deeply  buried  in  the 
cortical  tissue,  or  even  beneath  it,  the  outer  parts  then  dying, 
and  falling  off  in  the  form  of  bark,  as  occurs  in  the  grape- 
vine and  plane  (see  Figs.  66,  67,  pp.  44,  45). 

Every  mass  of  procambium  consists,  in  its  earliest  stage, 
of  similar  thin- walled  usually  prosench)rmatous  cells,  united 
together  without  any  intercellular  spaces.  As  the  mass  in- 
creases in  age,  some  of  the  rows  of  cells  become  transformed 
into  vascular  or  bast-cells,  and  from  these  as  centres  the 
transformation  advances  of  the  procambium-cells  into  per- 
manent cells.  Groups  are  thus  formed  of  particular  kinds 
of  cells  which,  united  into  strings  or  bundles,  penetrate  the 
rest  of  the  tissue,  and  as  a  rule  constitute  a  firm  fi*amework, 
and  form  the  fibrovascular  bundles^  or  conducting  bundles. 
These  bundles  often  lie  isolated  in  the  fundamental  tissue 
of  the  plant,  as  for  instance  in  the  veins  of  the  leaves  ;  but 
they  are  generally  so  crowded  and  so  strongly  developed  by  the 
continual  formation  of  the  tissue  of  which  they  are  composed, 
that  they  finally  almost  entirely  replace  the  intermediate 
fundamental  tissue,  and  form  almost  the  whole  of  the  sub- 
stance of  the  plant,  as  is  the  case  in  the  wood  of  Dicotyle- 
dons and  Conifers.  The  transformation  of  the  procambial 
cells  into  permanent  cells  either  continues  until  they  are  all 
so  changed,  or  an  inner  layer  of  the  procambium  remains  as 
the  formative  cambium.  As  they  become  older,  therefore, 
the  fibrovascular  bundles  either  contain  cambium  or  are 
destitute  of  it ;  the  former  being  called  open^  the  latter 
dosed  bundles.  In  the,  open  bundles  the  cambium  is  con- 
tinually forming  new  layers  of  permanent  cells,  and  the  part 
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of  the  stem  or  root  is  thus  constantly  increasing  in  thickness, 
as  is  the  case  in  most  woody  Dicotyledons  and  Conifers. 
Closed  bundles,  on  the  contrary,  such  as  are  found  in  Crj-p-  ■ 


togams,  Monocotyledons,  and  a  few  Dicotyledons,  can  no 
longer  increase  in  thickness.  The  various  forms  of  tissue 
in  a  mature  fibrovasculax  bundle  may  be  divide  into  two 
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groups,  a  woody  portion  or  xylem,  and  a  less  solid  portion,  the 
bast  orphloim  (Fig.  93).  The  xyiem  is  composed  of  paren- 
chymatous cells,  wood-fibres,  vascular  cells,  and  true  vessels, 
the  walls  of  these  rarious  elements  being  generally 
thickened  and  Hgnified.  The  phloem,  on  the  other  hand, 
consists  of  succulent  and  mostly  thin-walled  masses  of 
parenchyma  and  sieve-tubes,  in  addition  to  which  are 
usually  bast-fibres  massively  developed  and  strongly 
thickened.  Any  of  these  elements  of  the  xylem  and  phloem 
may,  however,  be  wanting. 

Narrow  thin-walled  elongated  succulent  cells,  oDen  fuund  in  con- 
nection with  the  sieve-tul>es,  but  whose  nature  is  not  yet  fnllj  nndsr- 


stood,  have  been  termed  camUform  fisiut  or  permanent  cambium. 
Cambifonn  tissue,  latticed  cells,  ajid  sieve-tubes  forni,  leather  with 
thin-walled  parenchyma,   the  se/i  bast,  in  contrast  to  the  true  bast, 
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which  is  prosench3anatous.  In  many  plants  a  ring  of  cells,  often  with 
strongly-thickened  and  lignified  walls,  the  bundle-sheath^  is  developed 
either  only  on  the  outside  of  the  bast,  or  round  the  entire  bundle,  or 
very  commonly  round  the  whole  mass  of  fibrovascular  bundles.  This  is 
especially  the  case  in  roots,  this  layer  of  cells  being  there  called  the 
root-sheath  or  coleorhiza.  The  separate  cells  of  this  organ  are  as  a  rule 
developed  in  a  very  characteristic  manner,  so  that  for  example,  the 
various  kinds  of  sarsaparilla  used  in  commerce  may  be  distinguished  by 
their  means  (Fig.  94). 

The  further  development  of  the  fibrovascular  bundles  is 
very  characteristic  of  the  different  classes  of  plants,  as  is 
also  the  arrangement  of  the  various  elements  in  a  transverse 
section  of  a  bundle.  Fungi,  Lichens,  Algae,  and  Characese 
have  no  fibrovascular  bundles ;  and  in  Muscinese  they  are 
either  not  developed  at  all  or  only  in  a  rudimentary  man- 
ner. These  plants  are  therefore  comprised  under  the  desig- 
nation Cellular  Plants  or  Cellular  Cryptogams  ;  the  whole  of 
the  remainder  [Vascular  Cryptogatns  and  Phanerogams] 
being  on  the  contrary  termed  Vascular  Plants. 

Tht  fundamental  tissue  very  commonly  consists  of  thin- 
walled  succulent  parenchyma  containing  starch ;  but  other 
forms  of  cells  may  also  enter  into  its  composition.  In  those 
plants  which  have  no  fibrovascular  bundles  the  whole  of  the 
interior  of  the  plant  may  be  regarded  as  fundamental  tissue. 
In  other  plants  it  fills  up  the  spaces  between  the  fibro- 
vascular bundles  and  within  the  primary  cortex.  Even  the 
primary  cortex,  which  must,  according  to  the  history  of 
development,  be  regarded  as  a  distinct  element,  is  often, 
in  consequence  of  its  similarity,  treated  as  belonging  to  the 
fundamental  tissue.  Where  the  fibrovascular  bundles  are 
closed  [Vascular  Cryptogams  and  Endogens]  and  cannot 
therefore  increase  in  thickness,  this  tissue  is  generally  de- 
veloped to  the  greatest  extent  (Fig.  95,  i).  In  the  woody 
portions,  i.e.  the  stem  and  root,  of  Conifers  and  Dicotyledons, 
the  fibrovascular  bundles  of  which  are  open,  it  occupies  a 
less  considerable  portion  of  the  entire  structure.  In  the 
greater  number  of  such  stems  it  forms  a  central   -^iih^ 

F  2 
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which  IS  connected  with  the  bark  by  more  or  less  largely 
developed  portions  of  cellular  tissue,  the  medullary  rays, 
(Fig.  95,  II.,  S').  In  by  far  the 
greater  number  of  roots  the 
fibrovascular  bundles,  on  the 
contrary,  foim  a  cylinder  des- 
titute of  pith  and  reaching  the 
centre,  so  that  the  fundamen- 
tal tissue  is  altogether  absent, 
or,  according  to  other  au- 
thorities, is  developed  only  as 
cortex. 


ents,  ihe  diflercnl  forms  of  cells,  tissues,  and  fibro- 
vascular bundles,  are  always  arranged  in  each  species  in  a  thoroughly 
characteristic  manner ;  and  from  this,  as  well  as  from  the  nature  of  the 
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elements  themselves  that  are  present,  it  is  very  often  passible  to  recog- 
nise the  species  from  a  small  fragment  of  the  plant.  Only  in  com- 
paratively few  cases  are  the  plants  adapted  at  once 
for  microscopical  examinition.  When  they  are  not 
so  adapted,  they  must  be  dissected  into  small  trans- 
parent pieces ;  and  (he  direction  in  which  the 
section  has  been  made  must  also  be  noted.  In 
order  to  examine,  for  example,  the  structure  of  a 
branch,  preparations  must  be  made,  lalten  Tram  it 
prindpally  in  the  following  three  ways  (Fig.  96)  : 
in  the  transvirse  sectien  a  iax  rieht  angles  lo  the 
s  of  growth   mil,   the  Imigiludiiial  SKtxon  ed 


through  the  axis,  and  the  tangential  section  ef 
parallel  10  it.  Sections  in  other  directions,  as  the 
gbliqut  gh,  are  only  occasionally  needed.  In 
certain  cases  it  is  also  requisite,  in  older  (o  make 
the  preparation  transparent  or  decompose  it  into 
its  separate  elements,  to  macerate  it,  especially 
when  it  is  desired  to  determine  the  form  and  con- 
nection of  the  individual  cells.  We  have  here  no 
space  to  enter  into  a  detailed  account  of  the  ap- 
plication of  the  microscope  to  botanical  ' 
tion,  and  can  only  refer  to  the  works  of 
Harting,  Niigeli  and  Schwendener,  and  Schacht. 


invesliga-    f"C-  96.-DiaijrMi.  re- 
'  Dippel,     ™^"i§  »  Mt^.'""' 


CHAPTER   IV. 

THE  EXTERNAL   FORM   OF   PLANTS. 

In  the  plants  of  lowest  organisation,  Alga;,  Fungi,  and 
Lichens,  the  contrast  which  is  so  manifest  in  those  more 
highly  developed  between  an  axis  (stem  and  root)  and  the 
lateral  organs  (leaves),  is  altogether  wanting.  With  reference 
to  this  point,  the  vegetable  kingdom  is  therefore  divided 
primarily  into  plants  without  an  axis  or  Thallophyies,  and 
plants  with  an  axis  or  Cormophytes,  the  term  thallus  being 
applied  to  an  undifferentiated  foliar  structure. 

The    external   differentiation   of   the   parts   in    cormo- 
phytes can  be  very  well  seen  in  a  germinating  pea.     If  the 


^o 
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leathery  skin  [or  testa]  is  stripped  from  a  pea  which  has 
been  soaked  in  water,  two  large  fleshy  masses  are  seen,  the 
cotyledons^  enclosing  a  small  cylindrical  body,  the  axis  (Figs. 
97,  98),  which  bears  two  minute  leaves  at  its  extremity ; 
the  cotyledons  and  axis  together  constituting  the  embryo. 
If  this  pea  had  been  planted  in  the  ground,  there  would 
have  been  formed  under  favourable  circumstances,  from  the 
growth  of  the  axis  of  the  embryo,  the  stem  directed  upwards 
and  the  root  directed  downwards.  When  the  seed  germinates 
(Fig.  99),  a  smaller  or  larger  number  of  lateral  organs,  the 
leaves  (c  d),  develope,  but  only  on  the  ascending  portion  of 


Fig.  97. — Pea,  with  its  testa  cut 
through ;  c  cotyledons ;   g  the 

!)lumuie  enveloped  in  minute 
eaves ;  r  radicle  ;  t  axis  of  the 
embryo  ;  i  outer,  e  inner  inte- 
gument ;  F  funiculus  :  p  part  of 
the  pericarp  (diagrammatic). 


Fig.  98. — Pea  split  open  and  with  the 
testa  removed;  f  small  cavity  in 
which  the  plumule  or  apex  of  the 
stem  lay  ;  the  other  letters  as  in  Fig. 
97  (somewhat  magnified). 


the  axis,  not  on  the  root.  The  form  of  the  leaves  is  very 
various  according  to  their  function  in  the  life  of  the  plant ; 
certain  of,  them  unite,  in  the  form  of  floral  leaves,  together 
with  the  stem,  to  produce  the  flower.  From  a  particular 
part  of  the  flower  is  developed  the  fruit,  within  which  are 
produced  the  seeds  destined  for  the  reproduction  of  the 
species.  Epidermal  structures  (trichomes),  finally,  clothe  the 
surface  at  different  parts. 

If  the  history  of  development  of  an  embryo,  as  that  of 
the  pea,  is  examined  more  closely,  it  is  found  that  from  a 
uniformly  plastic  mass  of  similar  cells  the  root  is  developed 
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downwards,  and  the  stem-bud  upwards.  The  stem-bud,  or 
plumule,  is  divided  from  the  outset  into  stem  and  leaves. 
The  .leaves  therefore  do  not  grow  on  a  stem  already 
fonned ;  on  the  contrary,  they  constitute  from  the  first,  to- 
gether with  the  stem,  a  hemispherical  body  consisting  of 


<>=  75)- 


primary  parenchyma,  which  then  becomes  lobed.  It  is 
therefore  impossible  to  draw  accurate  lines  of  demarcalioti 
between  the  three  main  oro-ans  of  the  plant,  the  root,  sttm, 
and  leaf.    The  stem  is  distinguished  from  the  root  only  by 
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'  bearing  leaves,  while  the  latter  does  not  Leaves  are 
lateral  [or  appendicular]  organs  which  do  not  possess  any 
capacity  of  development  of  their  own,  and  which  may  there- 
fore be  regarded  in  many  respects  as  appendages  attached 
to  the  entire  organism,  not  possessing  an  independent  life. 
It  follows  therefore  naturally  that  the  leaves  and  axis  are 
subject  to  different  laws  of  growth  :— the  axis  grows  at  its 
apex,  and  the  leaves  at  their  base  where  they  are  attached  to 
the  axis.  New  leaves  are  developed  only  at  the  extreme  end 
of  the  branch.  The  roots,  on  the  other  hand,  have  no 
power  of  forming  leaves,  because  the  outermost  cells  of 
their  growing  points  die  very  early,  and  then  cover  it  in 
the  form  of  a  cap  (Fig.  loo,  w^).  Beneath  this  root-cap, 
as  it  is  termed,  the  production  of  new  cells  continues ; 
while  the  cap  itself  acts  as  a  protecting  shield  to  the  root 
when  it  penetrates  into  the  hard  soil.  The  growth  in  length 
of  roots  ceases  therefore  so  near  their  apex  that  the  portion 
which  is  at  any  time  actually  increasing  in  length  is  usually 
only  a  few  millimetres  long. 

In  the  remainder  of  this  chapter  no  reference  will  be  made  to 
flowerless  plants,  but  only  to  flowering  plants  or  Phanerogams,  since  the 
morphology  of  the  former  is  so  closely  connected  with  their  classification 
that  it  will  be  better  spoken  of  under  that  head.  Much,  however,  that 
16  now  described  applies  equally  to  both  classes  [at  least  to  those 
Cryptogams  which  are  also  cormophytes],  especially  all  that  relates  to 
the  branching  of  the  axis,  the  buds,  phyllotaxis,  the  forms  of  leaves, 
secondary  organs,  &c. 

THE  ROOT. 

The  Root  is  that  part  of  the  plant  which,  usually  growing 
downwards,  fixes  it  into  the  ground,  and  absorbs  nutri- 
ment out  of  the  soil.  It  bears  at  its  apex  a  root-cap,  and 
never  developes  leaves. 

Some  plants  have  certain  characteristic  kinds  of  roots  which  do  not 
in  all  respects  answer  the  description  given  above.  Thus  clasping  roots, 
as  those  of  the  ivy,  often  penetrate  laterally  into  trees,  rocks,  or  walls. 
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The  iiAtui/ /w/;  of  tropical  Orchids,  Pandani  [and  Arotds]  depend  from 
the  stem  and  branches,  und  in  many  cases  never  reach  the  ground. 
ThtJiBatitig  primary  root  of  Trapa,  which  germinates  whiie  lying  on  the 
ground,  at  first  ascends,  and  remains  in  that  direction.  The  o  jdiiftV  roots 
of  floaling  plants  like  Lemna  never  attempt  lo  become  fixed  in  the 
ground  ;  di,  as  in  the  case  of  Cicuta,  assume  a  totally  different  appear- 
ance. The  'hausloria'  of  parasitic  plants,  finally,  penetrate  into  the 
stem  of  their  hosts,  and  feed  on  their  sap.  The  characters  which 
include  all  roots,  and  distinguish  them  Irom  stems,  are  the  absence  of 
leaves,  and  the  presence  of  a  root-cap  at  their  extremity. 

"By  tht  primary  root  \%  meant  that  which  is  formed  by 
the  downward  elongation  of  the  axis  of  the  embryo,  and  which 


is  therefore  in  a  line  with  the  stem.  It  is  called  a  tap-root 
{Fig.  loi)  when  it  is  thicker  than  the  branches  which  pro- 
ceed from  it ;  and  may  then  be  fusiform  or  spindle-shaped 
(Fig.  102),  napiform  or  turnip -shaped  (Fig.  103),  premorse, 
i.e.  suddenly  ending  with  a  blunt  point,  as  if  bitten  off,  as 
in  Plantago  major  [this  is,  however,  strictly  a  rhizome],  fili- 
form (Fig.  104),  or  cylindrical. 

Secondary  or  lateral  roots  are  those  which  spring  laterally 
from  the  stem  [or  from  thepriniaryroot],  as  the  clasping  roots 
of  ivy.    In  many  plants  in  which  the  primary  root  remains 
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undeveloped,  and  dies  off  shortly  after  germination,  it  is  re- 
placed by  a  number  of  secondaiy  roots  developed  from  the 


lower  extremity  of  the  stem.    In  Grasses,  for  example,  these 
roots  are  filiform,  and  are  then  called  fibrous  roots  (Fig, 


105) ;  but  not  unfrequently  some  of  them  become  tuberous 
[i.e.  much   swollen  at   intervals,  or  in   the   middle].;  and 
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they  are  then  called  fasciculated  {Y\^,  106,  107).  All  roots 
are  more  or  less  branched,  and  are  often  clothed  with  ex- 
tremely delicate  root-hairs.  If  the  branches  of  the  root  run 
principally  near  the  surface  of  the  ground,  they  are  called 
creeping  roots.  With  reference  to  their  texture,  they  may  be 
divided  into  woody  and  fleshy.^ 


THE  STEM. 

The  Stem,  in  its  various  forms — to  which  a  great  variety 
of  names  are  given  from  its  diverse  appearance,  though  in 
essential  points  always  the  same  organ — is  that  part  of  the 
plant  which  is  constructed  for  the  purpose  of  bearing  the 
leaves,  flowers,  and  fruits. 

In  ordinary  language  the  term  is  applied  to  those  parts 
of  the  plant  only  which  are  above  ground.  But  a  closer 
examination  shows  that  many  plants  possess  organs  which 
must,  in  accordance  with  their  function,  be  considered  stems, 
but  which  nevertheless  remain,  during  the  whole  of  their 
existence,  below  the  surface  of  the  ground ;  and  these  are 
called  underground  stems.     There  are  some  plants  which 

'  [Any  root  which  results  from  the  development  of  the  radicle  or 
lower  extremity  of  the  axis  of  the  embryo  is  a  normal  root ;  the  term 
adventitious  root  being  applied  to  those  of  any  other  origin,  i.e.  from  the 
stem,  either  below  or  above  ground.  Aerial  roots  are  usually  adven- 
titious, and  their  purpose  is  generally  to  absorb  moisture  from  the 
atmosphere.  The  aerial  roots,  however,  of  the  banyan,  Ficus  indica^  at 
length  reach  the  ground,  assume  the  character  of  trunks,  and  give  to  a 
single  tree  the  aspect  of  a  grove  ;  while  those  of  the  mangrove,  Rhizo- 
phora,  which  also  reach  the  ground,  are  true  normal  roots,  resulting 
from  the  germination  of  the  seed  while  the  fruit  is  still  attached  to  the 
tree.  The  roots  of  Monocotyledons  are  usually  adventitious,  the  radicle 
rarely  being  developed,  as  are  also  those  of  Cryptogams.  The  roots  of 
parasites,  which  derive  their  nourishment  from  the  living  tissue  of  their 
hosts,  may  be  normal  as  in  the  mistletoe,  P^iscum  albufn^  or  adventitious 
as  in  the  dodder,  Cuscuta^  where  the  original  normal  root  which  strikes 
into  the  soil  dies  away,  and  the  plant  subsequently  attaches  itself  to 
its  host  by  *haustoria.'  True  roots  do  occasionally,  but  very  rarely, 
produce  leaf-buds  (see  p.  82).  The  function  of  the  rcot-hairs  is  the 
absorption  of  liquid  nutriment  from  the  soil. — Ed.] 
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are  apparently  stemless  or  acaulescent^  with  radical  leaves 
only ;  but  this  results  from  the  stem  remaining  very  short 
and  undeveloped  in  proportion  to  the  root  and  leaves,  and 
being  therefore  overlooked.  Examples  occur  in  Plantago^ 
the  turnip,  [primrose],  &c. 

Those  stems  which  spring,  on  germination,  directly  from 
the  axis  of  the  embryo  [/.^.  from  its  upper  extremity  or//w;;/////| 
are  called  primary  stemSy  and  theijr  ramifications  secondary 
or  lateral  stems,  or  branches.  The  position  of  the  branches 
on  the  primary  axis  determines  what  is  called  the  habit  of 
the  plant.  They  are  said  to  be  veriicillate  or  whorled  when 
several  spring  from  the  primary  stem  at  the  same  height,  as  in 
Equisetum  ;  opposite  [as  in  the  elder]  when  two  opposite 
branches  are  always  found  at  the  same  height ;  decussate 
when  each  opposite  pair  is  at  right  angles  to  those  imme- 
diately above  and  below  it,  as  in  the  lavender ;  dichotoinous 
when  the  stem  repeatedly  divides  into  two  branches  of  equal 
thickness,  as  in  the  mistletoe  ;  scattered  when  the  arrange- 
ment of  the  branches  is  apparently  irregular.^  It  sometimes 
happens,  especially  in  the  inflorescence  of  rushes,  that  a 
lateral  branch  completely  takes  the  place  of  a  primary  axis 
the  development  of  which  has  been  suppressed,  and  con- 
tinues its  growth  in  nearly  the  same  direction ;  and  such  a 
branch,  which  therefore  consists  of  several  successive  se- 
condary axes,  is  a  sympodium.  The  part  of  a  stem  which 
intervenes  between  two  leaves  is  an  internode,  [and  the 
part  from  which  a  leaf  springs  is  a  node'].  The  length  of 
life  of  the  stem  and  roots  may  be  only  a  single  year,  annual  y 
two  years,  biennial]  or  a  number  of  ytzx^^ perennial 

The  most  completely  developed  form  of  the  aerial 
(above-ground)  stem,  the  woody  stem  or  trunks  is  the  cha- 
racteristic of  trees  and  shrubs.  If  the  lower  and  smaller 
part  of  the  stem  is  woody,  while  the  upper  and  larger  part 


*  This  will  be  further  explained  when  speaking  of  the  arrangement  of 
leaves  (p.  87), 
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dies  off  every  year,  as  in  Salvia  officinalis ^  the  stem  is  suffru- 
tlcose.  In  palms  and  some  other  trees  the  trunk  is  simple 
and  imbranched,  and  is  then  a  caudex;  when  the  stem 
remains  weak  and  does  not 
become  woody,  it  is  herbaceous^ 
and  then  but  rarely,  as  in 
many  succulent  cacti,  is  per- 
ennial. The  scape  is  a  leaf- 
less stem  bearing  only  flowers, 
springing  from  a  flat  base,  or 
belonging  to  a  so-called  stem- 
less  plant ;  it  may  bear  only 
a  single  flower  as  in  the  tulip, 
or  several  as  in  the  lily-of-the- 
valley  (Fig.  io8),  hyacinth, 
and  Plantago,    The  culm  is  a 

stem   the   intemodeS  of  which  f,o.   xoS.- Rhizome  and  scape,  of  the 

are    separated    by  thickened    ifiy:of-the-vaiiey,    Couvaiiaria    ma- 

*^         .  ■'  .       jcitis  (reduced). 

nodes,   as  in  grasses,  and  is 

usually  hollow  and  unbranched ;  the  calamus  on  the  con- 
trary, as  in  rushes,  is  pithy  and  without  thickened  nodes. 
Sometimes,  as  in  the  strawberry,  the  stem  sends  out  runners^ 
i.e,  branches  which  nm  along  the  ground,  put  out  adven- 
titious roots  from  their 
nodes  or  at  their  extre- 
mity, and  develope  there 
a  perfect  plant. 

If  a  stem  is  cut  through  F1c.109.-Sec-  FiG.tio.-Sec.  Fio.nT.-Sec 
transversely,  the  figure  of  Xlte^"  sler'"^""*^  bed^s^em'-"'- 
the  section  is  usually  more 

or  less  round  or  cylindrical,  or  is  compressed  into  an  elliptical 
form ;  but  it  is  often  angular,  for  instance  triangular  in 
Carex  (Fig.  109),  square  in  Labiatse  (Fig.  no),  five-ribbed 
(Fig.  in),  &c. 

The  form  of  the  stem  is  usually  more  or  less  cylindrical, 
but  often  globose,  two-edged,  as  in  several  species  of  Cactus^ 
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species  of  Cactus 


filiform  as  in  flax,  or  leaf-like  as 
and  ^ttJi^if  (Fig.  ria).' 


In  reference  to  its  position,  the  stem  may  be  erect,  pen- 
dulous as  in  the  sunflower,  nodding  as  in  Carduus  nutaiu, 
decumbent,  flexuose,  creeping,  where  it  puts  out  adventitious 


[The  flat  expanded  sharp-pointed  leaf-like  branch  of  the  butcher's 
broom,  Ruscus  aculealus  (Fig.  Iia),  produced  in  the  axil  of  the  true 
scale-like  leaf,  and  beating  the  flower  on  its  upper  surface,  is  termed  a 
pkyliociadt,  —Ed.] 
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roots  from  its  under-side,  as  in  the  money-wort,  LysimacMa 
Nummularia,  and  periwinkle,  Vinca  minor,  floating  as  in 
many  water-plants,  climbing  (scandenl),  as  in  the  ivy,  or 
twining,  when  it  may  twine  either  to  the  right,'  as  in  the 
hop  or  honeysuckle,  or  more  often  to  the  left,  as  in  the 
bindweed  (Figs.  113,  114)- 

The  base  of  the  stem  or  underground  stem  is  distin- 
guished from  the  true  root  by  its  power  of  producing  leaves. 
These  are,  however,  often  dry  or  deciduous,  and  their  pre- 
sence can  then  only  be  recognised  by  the  scars  they  leave 
behind  ;  and  sometimes  they  disappear  so  early  that  even 
the  scars  can  scarcely  be  made  out.  In  such  cases  the 
earliest  stages  of  development  must  be  examined  in  order  to 
come  to  a  determination.  The  underground  stem  assumes 
peculiar  forms  in  the  rhizome,  tuber,  and  bulb. 

The  rhizome  (Fig.  108,  p.  77)  is  found  in  many  perennial 
plants.  It  may  be  recognised  by  the  leaf-scars,  as  also  by 
its  putting  out  a  number  of  adventitious  roots  from  its  under 
side,    and    ascending  annual  -a 

branches  (shoots)  into  the  air  ^      Vv*        c  ^ 

from  its  extremity  or  from  t**^    [Vi  ]  1       ,    \     \ 
neighbourhood    of   the    leaf-    ^yy^^^Ju^Sf^^^^^j. 
scars.      The  buds  of   these    ^U^^Ef^^^^^^^^ 
shoots  hibernate  beneath  the        AVJ^^fijWtTLyTfl^^ 
ground(Fig.  115).     Rhizomes       i  ff^vCtffWlslP^V^ 
are  commonly  branched,  and  "      '']    'l^i'  ^(IJU^ 

not  unfrequently  elongated,  coS^m"^^^^™!*!^ 
and  creep  for  a  distance  tfe'^^sI^l^^MShkt^ 
beneath  the  surface,  as  for  s(™:^'catsof  iheattmaofpre- 
example  in  couch-grass,  Triti- 

atm  repms ;  but  are  sometimes  short  and  compressed,  as  in 
the  Jris,  solid,  or  sometimes  hollow  and  divided  into 
chambers,  as  in  the  water-hemlock,  Cicuta  vtrosa. 

The  tuber  is  a  thickened  fleshy  underground  stem,  with 

'  fin  applying  the  lenns  twining  'to  tlie  right' and 'to  the  left,' ihe 
reader  most  imagine  himself  in  the  position  of  the  sWin  ^qimA  -flMAv 
the  climbing  plant  twines. — En.] 
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usually  very  small  leaves  which  can  be  made  out  only  in 
the  young  state ;  but  in  some  cases,  as  the  potato,  there 
are  a  number  of  buds  concealed  in  depressions,  which  are 
called  ^yw  {Figs,  ii6,  117),  Many  plants  form  only  one 
tuber,  as  the  pig-nut,  Carum  bulbocastanum  (Fig.  118), 
others  several,  as  the  potato.    The  spherical  or  palmate 


tubers  of  some  orchids  (Figs.  119,  120)  are  considered  by 
some  to  be  tuberous  roots,  by  others  inie  tubers.    > 

The  bulb  is  also  fleshy,  but  is  distinguished  by  its  leaves, 
which  [in  the  form  of  scales]  surround  the  solid  base  of 
the  stem  which  is  called  the  disc,  or  are  attached  to  its 
apex.  This  plate  or  disc  is  either  comparatively  large,  aftd 
when  surrounded  by  only  a  few  leaves,  as  in  the  crocus,  is 
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called  a  cfrwi  (Fig.  izi);  or  it  may  be  comparatively  small 
in  proportion  to  the  mass  of  the  leaves,  as  in  the  onion  [or 


■iU.  IK).— Double  caln.ate  tuber,  a,I', 
.  of  OrcMi  sdoralininut. 


hyacinth]  (Fig.  us).     Further  characters  are  derived  from 
the  character  of  the  scales  :  and  bulbs  are  hence  termed  scaly 


'iG.  III.— Cerm  tX  Giadlglm 
year'hbulb;  rscwe  ;  dw 
jr  bud  which  mil  deitlop 
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or  squamoie,  tunUaied  [in  the  hyadnlh  or  onion],  fibrous, 


Branches  of  the  stem  spring,  like  leaves  and  flowers,  frooi 
buds.  According  to  the  organs  which  result  from  their  de- 
velopment they  are  distinguished  into  stem-buds  {plumules), 
leaf -buds,  xaAfi:ri'a--buds. 


As  respects  the  position  of  the  bud,  it  is  terminal  (Fig. 
123  a)  when  it  is  situated  at  the  end  of  a  branch,  axillary 
(Fig,  113  b)  when  it  grows  in  the  axil  of  a  leaf,  i.e.  in  the 
angle  which  its  upper  surface  makes  with  the  stem,  or 
adventitious  when  it  springs  from  any  other  part  of  a 
stem  except  these  two.  The  latter  kind  occur  but 
rarely ;  the  tendrils  of  the  grape-vine  (Fig.  196,  p.  108) 
proceed  from  buds  of  this  description.  In  the  same 
manner  the  shoots  which  spring  from  the  creeping  roots 
of  certain    plants,  the  plum,  wild  cheny,   &c,    originate 
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from  adventitious  buds.  There  are  sometimes  a  few  buds 
which  do  not  break  through  the  bark,  but  remain  dormant 
beneath  it,  imtil  the  other  buds  on  the  plant  have  been  de- 
stroyed by  unfavourable  circumstances  such  as  late  frosts, 
when  these  dormant  buds  are  excited  into  activity,  and 
often  preserve  the  life  of  the  plant  But  even  while  in  the 
dormant  state  they  always  increase  in  size,  and  form,  for 
example,  the  balls  which  are  found  beneath  the  bark  of  the 
beech,  chestnut,  lime,  &c  Creeping  stems  are  also  sometimes 
developed  from  these,  but  more  usually  from  adventitious 
buds.  It  is  this  production  of  branches  on  the  stumps  of 
felled  trees,  as  on  oaks  and  birches,  which  especially  adapts 
them  for  growth  as  underwood.  The  bodies  termed  bulbils 
or  gemma  should  also  be  mentioned  here.  They  are  stem-buds 
which  detach  themselves  from  the  plant,  and  can  themselves 
give  rise  to  new  individuals  exactly  like  the  parent.  They 
are  formed,  for  instance,  in  abundance  on  certain  species  of 
Allium,  on  the  leaves  of  Cardamine pratensis,  in  the  axils  of 
the  leaves  of  Lilium  bulbiferum,  between  the  scales  of  bulbs 
(Figs.  121,  122),  [and  more  frequently  with  Cryptogams,  on 
the  fronds  of  *  viviparous '  ferns,  as  Asplenium  btdbiferum, 
nomially  on  the  thallus  of  Hepaticse,  &c] 

The  mode  of  development  of  the  buds  has  a  great  influence  ou  the 
habit  of  the  plant.  If,  for  example,  the  terminal  bud  of  the  primary 
stem  persists  as  such,  the  stem  will  continue  to  grow  for  a  long  time  at 
its  apex,  as  may  be  seen  in  the  silver  fir.  Pollarded  willows,  on  the 
contrary,  which  have  lost  their  terminal  buds,  usually  form  at  their 
summit  a  dense  crown  of  small  branches.  The  dichotomous  branching 
of  the  mistletoe  depends  on  the  terminal  bud  always  developing  into  a 
flower,  and  the  lateral  buds  into  branches. 

Buds  which  persist  through  the  winter  are  usually  pro- 
tected  by  special  organs,  the  bud-scales,  which  are  either  of 
a  membranous  or  scaly  texture.  They  are  either  dry  as  in 
the  oak,  viscid  like  those  of  the  horse-chestnut,  covered 
with  hairs,  or  smooth.  In  many  cases  in  which  they  are 
not  specially  developed,  as  in  the  lilac,  they  are  replaced  by 

G  2 
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ordinary  leaves,  or  by  some  of  special  form  which  are  con- 
sidered as  stipules,  as  in  the  alder.  The  bud- scales  usually 
fall  oflf  when  the  bud  begins  to  swell  in  the  spring  and  the 
enclosed  parts  to  grow  :  but  in  some  cases,  as  the  oak  and 
beech,  they  continue  to  grow  for  some  time  at  the  base. 

The  stem-bud  is  a  compressed  rudiment  of  the  stem,  on 
which  account  the  peculiar  position  of  the  organs  which  are 
attached  to  it  can  be  especially  well  studied  iii  the  bud  by 
making  a  transverse  section  through  it. 

The  relative  position  of  the  bud-scales,  foliage-leaves, 
sepals,  and  petals,  in  the  bud,  or,  as  it  is  termed,  their  ess- 
tivatioHy  is  usually  imbricate^  where  the  margins  of  contiguous 
leaves  overlap  one  another,  less  often  valvate,  as  in  the 
calyx  of  the  mallow  (Fig.  124),  where  they  merely  touch  one 


Fig.  I2-J. —  Valvate      Fig.  125. — Redupli-      Fig.   126. — Indupli-      Fig.  127.  — Enfolding 
aestivation ;     calyx        cate  valvate  xstiva^       cate  valvate  aestiva^       aestivation, 
of  mallow.  tion.  tion. 

another  by  their  edges.  The  most  important  modifications 
of  the  imbricate  aestivation  are  the  enfolding  (Fig.  127)  in 
which  one  leaf  entirely  encloses  another,  the  vexillary  (Fig. 
128),  peculiar  to  the  Papilionacese,  where  one  leaf  much 
larger  than  the  rest  encloses  the  others  ;  alternate^  as  in  the 
tulip  (Fig.  129),  where  two  rows  of  floral  leaves  alternate 
regularly  with  one  another,  and  quincuncial^  as  in  the  wood- 
sorrel,  the  calyx  of  the  rose,  the  calyx  and  corolla  of  the 
buttercup,  &c.  (Fig.  130),  where  the  five  leaves  are  so  placed 
that  between  two  outer  ones  which  are  entirely  uncovered 
and  two  inner  ones  which  are  entirely  covered,  there  lies  a 
fifth  (leaf  3),  so  inserted  that  with  one  of  its  margins  it  over- 
laps one  of  the  two  inner  leaves,  while  the  other  margin  is 
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covered  by  one  of  the  outer  leaves.  If  the  whole  bud  ap- 
pears as  if  twisted  spirally,  the  aestivation  is  said  to  be  con- 
torted; if,  as  in  the  poppy,  the  leaves  lie  in  the  bud 
irregularly  crumpled  up,  it  is  crumpled. 


Fig.  128.— Vexil- 
lary  aestivation 
of  Papiliona< 
cex. 


Fig.  129. — Alternate 
aestivation  of  tulip. 


FiG.^  130.— Quincun- 
cial  aestivation. 


Fig.  131. — Contorted 
aestivation. 


By  vernation  is  meant  the  position  occupied  by  the  se- 
parate leaves  in  the  bud.     This  '\%flat  in  the  leaves  of  Coni- 
ferae  ;  simplyy^///isw^(Fig.  132)  in  those  of  the  cherry  and  lime ; 
plicate  or  with  many  folds  in  those  of  the  beech  and  birch 
Fig.  133).     In  their  length  from  the  apex  to  the  base  leaves 


Fig.  132.  —  Fig.  133.  —  Fig.  134.— Con- 
Simply  fold-  Plicate  ver-  volute  vema- 
ed      vema-   nation.  tion. 


Fig.  136. —  Involute        Fig.  137. — Contorted 
vernation.  vernation. 


tion. 


are  circinate^  like  the  fronds  of  ferns,  where  the  apex  is 
rolled  up  towards  the  base ;  convolute  (Fig.  134),  where  one 
margin  is  rolled  up  towards  the  mid-rib,  as  in  Grasses  and 
bananas.  The  sepals  of  Fumaria  are  revolute,  the  margins 
being  rolled  outwards  (Fig.  135) ;  those  of  the  sweet  violet 
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on  the  contrary  are  involute  (Fig.  136),  or  rolled  inwards 
towards  the  mid-rib.  The  petals  of  Convolvulus  (Fig.  137) 
are  con^rted  s^ixdWy ;  those  of  the  poppy  irregularly  rn//^///<f^. 
With  respect  to  their  anatomical  structure,  it  may  be  re- 
marked that  buds  are  especially  distinguished  by  the  pre- 
sence of  formative  tissues. 


THE  LEAVES. 

It  will  be  seen  from  what  has  now  been  said  that  the 
Leaves  are  appendicular  organs  of  the  stem.  The  apex  is 
always  formed  first,  and  is  therefore  the  oldest  part  of  the 
leaf;  the  remaining  parts  being  gradually  interposed  between 
it  and  the  stem.  The  order  of  development  is  therefore  the 
reverse  in  the  leaf  to  what  it  is  in  the  stem,  where  the  apices 
are  the  youngest  parts. 

The  various  positions  and  functions  of  leaves  necessitate 
their  classification  into  four  kinds  : — seed-leaves  or  cotyledons, 
covering-leaves,  foliage-leaves,  2Xi^  floral  leaves.  The  first  of 
these  kinds  will  be  more  fully  described  when  speaking  of 
the  seed  ;  the  last  when  speaking  of  the  flower. 

Covering-leaves  are  so  called  because  they  cover  or  pro- 
tect other  parts  of  the  plant  In  this  class  are  included  the 
bud-scales  already  described  (p.  83),  and  the  bracts  or 
hypsophyllary  leaves,  i,e,  those  leaves  in  the  axils  of  which 
the  flowers  are  placed.  The  bud-scales  are  mostly  brown 
bodies  but  little  developed,  which  fall  off  as  the  develop- 
ment of  the  bud  progresses,  when  they  have  fulfilled  their 
purpose.  The  bracts  are,  on  the  contrary,  as  a  rule  more 
perfectly  formed  and  green,  or  of  some  other  colour  as  in 
the  spathe  of  Calla  [or  Richardia,  or  the  brilliant  red  bracts 
of  Poinsettia,  Buginvillea,  &c,]  Their  presence  or  absence, 
and  their  more  or  less  complete  development,  are  important  in 
determining  the  nature  of  the  inflorescence,  and  in  defining 
the  characters  of  certain  families  of  plants.  The  glumes  of 
Grasses^  the  spathe  of  Aroideae,  Hci^palece  of  Compositae,  and 
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the  involucre  of  Umbelliferae  [and  Compositae],  are  different 
forms  of  bracts. 

To  this  class  belong  also  the  scale-  or  cataphyllaiy  leaves^ 
which  are  either  colourless,  yellovish,  reddish,  brown,  or 
rarely  green;  often  fleshy,  leathery,  or  membranous,  and 
which  for  the  most  part  remain  buried  in  the  ground.  When 
the  true  foliage-leaves  are  strongly  developed,  the  scale- 
leaves  are  genecally  inconspicuous  ;  while  in  other  plants 
they  are  conspicuous,  as  in  saprophytes  which  are  desti- 
tute of  chlorophyll  and  have  no  true  leaves. 

The  foliage-leaves — often  called  simply  leaves — are  dis- 
tributed over  the  stem  in  a  great  variety  of  ways.  When 
there  is  more  than  one  on  the  same  level  they  are  opposite^ 
decussate  (Fig.  138),  or  verticillate  (Fig.  139) ;  when  there  is 
only  one  on  the  same  level,  alternate  or  scattered  (see  p.  76). 
Irregular  as  the  arrangement  appears  in  the  last  case,  a 
close  investigation  nevertheless  shows  that  these  also  are 
distributed  on  the  stem  in  accordance  with  definite  laws.  If 
a  spiral  is  drawn  round  the  stem  connecting  the  points  of 
attachment  of  the  leaves,  and  these  are  then  marked  on 
the  spiral,  it  is  found  that  in  any  particular  species  there  is 
always  a  certain  definite  number  of  leaves  on  any  given 
number  of  circuits  made  by  the  spiral  round  the  stem.  The 
course  of  the  spiral  from  any  one  leaf  to  the  next  leaf  which 
stands  exactly  vertically  above  or  beneath  it  is  therefore 
termed' the  leaf-cycle  In  order  to  determine  the  law  of 
phyllotaxis  or  leaf-arrangement  in  any  particular  species,  the 
number  of  leaves  in  a  cycle  is  placed  as  the  denominator 
of  a  fraction,  and  the  number  of  circuits  round  the  stem  in- 
cluded in  the  cycle  as  the  numerator.  Thus,  for  example, 
the  leaves  of  the  pear,  oak  (Fig.  140),  poplar,  and  walnut, 
have  a  f  arrangement ;  ue,  five  leaves  are  found  on  every 
two  circuits  which  make  up  the  cycle.  In  Plantago  (Fig. 
141)  the  phyllotaxis  is  f.  That  the  law  of  phyllotaxis,  to 
which  the  floral  leaves  are  also  subject,  must  have  a  great 
influence  on  the  aestivation  is  self-evident :  thus  the  quin- 


88  Structural  and  Physiological  Botany. 

cundal  cesitivatioii  corresponds  to  the  f  phyllotaxis.  The 
spiral  itself  may  either  be  a  right-handed  one, />.  running 
from  the  left  below  to  the  right  above,  or  conversely  a  left- 
handed    one.    The  law  thus  indicated  is  not,  howeverj 


r^ 


always  easy  to  recognize  in  practice.  Of  the  leaves  of 
Grasses,  for  example,  one  half  follow  a  right-handed,  the 
other  half  a  left-handed  spiral.  The  spiral  airangement 
is  often  obscured  by  the  leaves  standing  in  s 
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manner  on  a  branch  which  has  remained  undeveloped,  as 
in  the  larch. 

Since  the  secondary  axes  (branches)  generally  spring 
from  axillary  buds,  it  follows  that  their  arrangement  on  the 
sl*m  is  dependent  on  the  phyllotaxis  of  those  leaves  in  the 
axils  of  which  they  arise,  as  is  seen  at  once  in  any  labiate 
plant.  It  is  also  easily  understood  that  an  apparently  alto^ 
gether  irregular  arrangement  of  the  branches  on  the  stem 
may  be  the  result  of  the  abortion  of  a  number  of  buds. 

A  leaf  of  the  most  perfect  development  may  be  divided 
into  its  sheath,  its  petiole  or  leaf-stalk,  and  its  lamina  or 
flatly  expanded  blade,  although  one  or  other  of  tliese  parts 


I  Split  leaf-shnlliork 
ifc  leaf:  cnode  of  the 


is  most  often  wanting.  Thus  the  leaves  of  Grasses  have  a 
sheath,  but  no  petiole  ;  those  of  the  apple  and  pear  a  petiole, 
but  no  sheath  ;  in  those  of  many  UmbelliferEe,  such  as  Ange- 
lica, all  three  parts  occur. 

The  Uaf-shcath  embraces  the  stem  in  the  form  of  a  hol- 
low tube.  In  Grasses  it  is  always  split  in  front  (Fig-  143)  i 
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in  rushes  and  sedges,  on  the  contrary,  closed  or  entire.' 
The  split  sheath  of  many  Umbelliferje  is  inflated ;  while  the 
dosed  sheath  of  the  knot-grass,  Polygonum,  does  not  bear 
the  leaf  at  its  upper  end,  but  on  its  back,  and  is  in  this  case 
called  an  ochrca. 

The  fttioie  is  not  always  present ;  and  leaves  are  hence 
distinguishedinto/^(f>jb/;or  stalked,  and  sessile.    It  is  often 


'L«r  or  Attain  milgHexylim,  showing  phyltods, 


connected  with  the  stem,  rarely  with  the  sheath,  by  a  pecu- 
liar more  or  less  swollen  articulation.  If  this  articulation 
is  large,  and  a  portion  of  it  remains  attached  to  the  stem 
after  the  fall  of  the  leaf,  as  in  the  spmce-fir,  the  portion  that 
thus  remains  is  called  a  pulvinus.  After  the  fall  of  the  leaf, 
the  spot  to  which  it  was  attached  is  indicated  by  a  scar, or 
cicatrix.  The  petiole  may  be  cylindrical,  semi  cylindrical, 
channeled,  or  flat,  and  is  sometimes  winged,  or  provided 
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with  leaf-like  expansions  at  the  side.  Some  Australian 
species  of  Acacia  possess  in  the  early  years  of  iheir  life  bipin- 
nate  leaves  with  a  more  or  less  flatly  expanded  petiole 
(Fig.  143,  b') ;  but  subsequently  the  pinnse  are  no  longer 
developed,  the  branchmg  is  also  suppressed,  and  the  simple 
petiole,  now  strongly  developed  into  a  flat  plate  (Fig.  143, 
a),  performs  all  the  functions  of  the  leaf.  Such  a  petiole  is 
tenned  s.phyllode,  and  is  distinguished  from  leaves  of  nor- 
mal structure  by  its  mode  of  development,  as  well  as  by  its 
vertical  position.' 

At  the  base  of  the  petiole  on  both  sides  are  frequently 
found  flat  leaf-like  appendages,  the  stipules  (Figs.  144,  145). 


These  are  sometimes  adherent  to  the  petiole,  or  adnaii,  as  in 
the  rose,  and  occasionally  even  run  down  a  portion  of  the 


'  [The  peliole  of  Sarraeenia  and  Darlingtonia  is  expanded  into  a  i 
marliable  pitcher-like  organ  capable  of  holding  a  considerable  amou 
of  fluid.  The  somewhat  similar  pitchers  of  the  'pitcher-plant' 
Nefentha  {Fig.  193,  p.  106)  are  considered  on  the  other  hand  to 
'   IS  of  the  lajnina. — Ed.} 
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stem  itself  as  in  the  wood-vetch,  Vicia  septum,  when  they 
are  deairrent,  and  give  a  winged  appearance,  sometimes  to 
the  petiole,  sometimes  to  the  stem.  [When  not  adherent  to 
the  petiole  they  are  said  to  be //-«.]  The  stipules  are  mostly 
smaller  than  the  true  leaves,  seldom  laiger,  as  in  the  pansy 
(Fig.  144).     In  Lathyrus  Apkaca  (Fig.  146),  the  stipules  of 


Fig.  iifi.—Lalhynis  Apkaca  .  r  xtaiii;       Fio.  147,— Le»t  of  graaa  ;  Z-^f.  ligule: 
jHower;/iruii ;  n  uipiUc.  l  lamina  ^  aleaf-sheallL 

the  upper  leaves  are  the  only  part  to  expand,  the  leaf  itself 
degenerating  into  a  tendril.  The  stipules  of  Gkditschia  and 
the  common  'acacia,'  Jiobinia pseudacada {Fig.  184,  p.  103), 
are  spinous;  they  are  leaf-like  and  persistent  in  the  pea, 
membranous  and  deciduous  in  the  oak  and  beech.'  Under 
the  head  of  stipules  come  the  ligules  (Figs.  142,  147),  or 
delicate  appendages  which  grow  at  the  point  of  imion  of 
lamina  and  sheath  in  the  leaves  of  Grasses. 

Sessile  leaves  sometimes  partly  or  entirely  embrace  the 
stem,  and  are  then  amplexicaul,  or  semi-amplexicaul.  In  the 
former  case  the  base  is  occasionally  developed  in  a  sheath-like 


"■tie  or.i-/^//a.—ED.} 


ts  base  with  a  secondary  a 
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form,  sometimes  not,  as  in  the  common  buttercup  (Fig.  148). 
%0-ci^tA. perfoliate  leaves,  as  in  Bupieurum  rotundifoHum  (Fig, 


149),  or  connate  leaves,  as  in  the  common  honeysyckle  (Fig, 
150)  [or  CHiora  ptrfi}liata\,  are  varieties  of  the  amplextcaul 
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form.  In  the  former  case  the  two  mai^s  of  the  base  of 
the  leaf  have  united ;  while  the  latter  variety  consists  of 
two  leaves  'which  have  become  completely  united  at  the 
base  in  their  growth.  Not  imfrequently  the  leaf  is  united 
for  a  certain  length  with  the  stem,  when  it  is  said  to  be 
decurreiit  [and  the  stem  to  be  wit^ed\  [Figs.  151,  152), 

The  lamina  or  blade,  the  most  essential  part  of  Uie  leaf, 
may  assume  almost  any  conceivable  form.  The  first  th  ng 
to  observe  is  whedier  the  petiole  bears  only  a  single  lamina, 
or  several,  connected  with  it  by  secondary  petioles  <x  petig- 


liiles,  or  by  articulations.     In  the  first  case  the  leaf  is  said  to 
be  simple,  in  the  latter  cases  compound. 

The  separate  leaflets  of  a  compound  leaf,  as  well  as  the 
siUj^le  lamina  of  a  simple  one,  may  have  the  greatest  variety 
of  external  form.  Linear  leaves  are  such  as  are  not  only 
many  times  longer  than  broad,  but  are  of  nearly  the  sau;e 
wiillh  from  the  base  to  near  the  apex,  as  in  nearly  all  Grasses. 
If  the  leaves  are  at  the  same  time  somewhat  rigid,  as  in  Iris, 
they  are  msiform  ;  and  if  they  are  also  sharp-pointed  like 
those  of  most  Conifene,  theyarea^rtiiirorffi-woif.  Alaiiao- 
/(U^  leaf  (Fig.  153)  is  three  or  four  times  as  long  as  broad,  and 
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IS  narrowed  to  a  point  both  at  the  base  and  the  apex.  In 
ike  ei/ip'i.d/ oi  oval  (Fig.  154),  and  the i^i/iw^  leaf,  the  ends 
are  equally  rounded  off;  the  for- 
mer is  two  to  three,  the  latter  three 
to  four  times  as  long  as  broad.  The 
terms  ovate  (Fig.  168,  p.  98)  [where 
the  broadest  part  is  nearer  the  base 


TotK»difolia, 

than  the  apex],  \ob0vate,  where  the  broadest  part  is  nearer 
the  apex  tiian  the  base],  sub-roturtd,  orbicular  (Fig.  155), 


Fkj.     ijfi.— Cordale   (uDsruuHbicsill       Fig.  i^j.—Latat  Om/is  mkianika, 
kof  of  the  tiiae.  wiUi  three  obcordate  kadctk 

ardate  (Fig.  156),  obcordate  (Fig.   157),  triangular,' z&  i 
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Atripltx  patula  (Fig.  138)1  and  rhombtndaJ,  are  used  in  their 
obvious  signification.  A  rmiform  leaf  (Fig.  159)  is  one 
that  is  broader  than  long,  and  has  the  apex  rounded  off, 


with  two  projectii^  lobes  at  the  base  also  rounded  off 
Sagittate  (Fig.    160)  and   hastate   (Fig.    161)  leaves  are 


FlG-  ifii.^HiaaK  laf 


Fro.  l6».— Wutelofci'  Tr*frmlMm. 


pointed  at  the  apes,  and  have  also  two  pointed  lobes  at  the 
base ;  the  indsioD  boonded  b^  these  latter  is  acute-ang^ 
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in  the  fonner,  very  obtuse-angled  in  the  latter  case.  In  the 
fdbite  leaf  (Fig.  i6a),  the  petiole  springs  from  the  middle  of 
the  lamina  [as  in  Hydroatyle  or  Tropaolum\ 

In  describing  the  form  of  the  base  of  the  leaf,  i.e.  of  the 
part  of  it  which  is  attached  to  the  stem  or  petiole,  some 
of  the  same  tenns  are  applicable  as  those  already  defined  ; 
as,  for  example,  cordate,  reniform,  hastate,  &r.  There  are 
some  others  also  in  use.  Thus  the  base  may  be  cimeate  or 
wedge-shaped  (Fig.  163),  when  it  passes  gradually  into  the 


petiole;  and  the  spathula/e  leaf  (Fig.  165)  is  somewhat 
similar  [as  in  the  London  pride,  Saxifraga  umbrosa\.  The 
apex  of  the  leaf  also  often  requires  special  descriptioa  It 
is  obtuse,  acute,  acuminate  [when  the  apex  narrows  rapidly 
and  lenq;theiis  into  a  point]  (Fig.  164),  mucronate  (Fig.  166) 
[when  ending  abruptly  in  a  short  sliaq)  point,]  truncate 
[as  in  the  tulip-tree,  Liriodetidron\,  emargtnate  (Fig.  167) 
[when  indented  at  the  apex],  or  obcordate  (Fig.  157,  p.  95). 
.  Ill  but  comparatively  few  cases  is  the  lamina  entirely 
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without  incisions  of  any  kind.     In  the  great  majority  there 
are  either  smaller  notches  which  affect  only  the  margin,  or 


f  w\ 


deeper  incisions  which  cause  the  leaf  to  assume  a  different 
form,  or  both  may  occur  on  the  same  leaf.  In  reference  to 
the  margin,  the  leaf  miy  be  oitire  [without  notches  of  any 


kind,  as  in  all  Grasses,  Caryophyllacese,  Vinca,  &c] ;  dentate 
(Fig.  168)  [when  the  teeth  are  sharp  and  point  outwards 
with  concave  edges],  setT<ae  (Fig.  169)  [when  the  teeth  are 
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sharp  and  point  forwards  towards  the  apex  like  the  teeth  of 
a  saw] ;  hiserrate  (Fig.  170);  crenate  (Fig.  159)  [when  the 
teeth  are  rounded  off  with  convex  edges]  ;  or  repand  [when 
the  margin  is  wavy].  A  leaf  is  ciliaU  (Fig.  171)  [when  fringed 
■with  hairs  on  the  maipn],  spiny  (Fig,  172)  [when  the  teeth 
are  long  and  very  sharp],  rough  or  scabrous  when  providftd 
with  small  scarcely  visible  roughnesses. 

If  the  margin  of  a  leaf  or  leaflet  is  more  deepiv  cut  than 
.is  indicated  by  the  terms  just  mentioned,  it  is  incised.,  and 
pitttiatised  if  the  divisions  extend 
[very  nearly]  to  the  mid-rib  (Fig, 
iT4);palmatisecl  if  they  extend  [very 
nearly]  to  the  base  of  the  leaf  (Fig. 
173) ;  pinnalipartite  and  palmati- 
partite{^\%.  183, p.  loz)  respectively 
if  the  incisions  do  not  extend  quite 


so  far ;  a.nA  pirmatijid  and  palmatifid  when  they  extend  about 
half-way  from  the  margin  to  the  mid-rib  or  base  of  the  leaf. 
If  the  divisions  of  a  palmatifid  leaf  are  five  in  number,  it  is 
called /d/wiT/f  (Fig.  181,  p.  los).  Special  modifications  of  the 
pinnatifid  leaf  are  the  nmdnate  (Fig.  1 75 ),  where  the  points  of 
the  large  central  lobes  are  reflexed  ;  lyraki^\%.  176),  where 
thetetminal  lobe  is  much  the  largest,  and  the  others  decrease 
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gradually  towards  the  base;  ladniate  {F\g.  177),  where  the 
leaf  is  irregularly  cut  into  very  narrow  segments.  In  a  slit 
leaf  the  lobes  into  which  the  margin  is  divided  are  narrow 
and  pointed;  in  a/c^i'rfkaf (Fig.  179)  they 
are  broader  and  rounder  {with  the  excep- 
tion often  of  the  ter- 
minal lobe),  the  inci- 
sions themselves  having 
k,^  an  acute  angle ;  in  a 
n sinuate  leaf  (Fig.  180) 


still  broader  and  shallower,  the  incisions  themselves  being 
also  rounded  off.  According  to  the  number  of  the  divisions, 
the  leaf  is  irifid,  /rilobed  {Y'i^.  i  ■} g),  Jh-e-Uieil,  Sic,  01  the 
latter  is  usually  called  palmatilobed. 

Compound  leaves  are  classed  under  two  principal  heads, 
tiie  digifaie  and  the  pm/iale.  In  the  fonner,  several  leaflets 
— i<  S,  7,  or  less  often  4 — spring  from  the  apex  of  the  common 
petiole.  The  most  common  number  is  3,  as  in  the  clover 
(Fig.  1S2,  p.  102),  when  the  leaf  is  said  to  be  ta-nate  or 


>.^. 
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trifeltolate.  When  the  petiole  divides  at  its  apex  into  two 
main  divisions,  each  of  which  bears  several  leaflets,  it  is 
pedate  (Fig.  183).  The 
pinnate  leaf  has  its  leaf- 
lets arranged  on  each 
side  of  a  common  elon- 
gated petiole,  which  is 
then  called  the  racMs. 
If  the  rachis  ends  in  a 
tenninal  leaflet  [so  that 
the  number  of  the  pinn» 
is  uneven]  the  leaf  is 
unequally  pinnate  or  im- 
paripinnatf  (Fig.  184); 
if  the  number  of  leaflets 
is  an  even  number  it 
'^  paripinnaie  or  equally 
pinnate  (Fig.  185);  and  pbm.  ^«:,«« ««,««««. 

in  this  case  the  rachis  may  run  into  a  tendril  or  a  point 
(Fig.   185),  or  may  end  abruptly.    The  leaflets   may   be 


r79. — Trilobed  leaf  or  ihe  hepalka- 


oppo»te  to  one  another  on   the  rachis  (Fig.   184),  when 
each  pair  forms  a  ^jugum^  or  they  may  be  alternate  (Fig. 
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185)'.     If  large  and  small  leaflets  alternate  with  otie  another, 
the  leaf  is  interruptedly  pinnate  (Figs.  186,  187). 


Fig.  185.— Paripinnate  leaf  of  Lathyrus  rno' 
crorhhus  fwiih  auriculatc  or  ear-shaped  sti- 
pules] the  rachis  ending  in  a  point. 


feil 


^^^ 


Fig.  184.— Imparl  pinnate  leaf  Fig.   i86  —Interruptedly  Fig.   187.— Interruptedly 

of    the       'acacia,'    Robinia  pinnate  leaf  of  the  po-  pinnate   leat    of    As^ri- 

Ptntdacarin.    v-ilh   opposite  tato.                          ^  mcf'ta  Eu^atoria  [with 

leaflets  (and  soinous  stipules].  connate  stipules]. 

In  some  cases  the  division  into  leaflets  is  repeated,  and 
the  leaf  is  then  supradecompoiind.     Thus  we  may  have  a 
biternate  \t2X  (Fi^.  i88),  [in  which  eaeVv  oi  >(!cv^  \x\lOL\Osa^^^ 
sections  is  again  trifoliolate],  a  bipinnatt  ^\%.  i^o^^^^^"^^^ 
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d.ter-topiingue-pinnate\eaS{V\g.  189).  In  the  bipinn ate  leaf, 
which  is  of  very  commoD  occurrence,  the  leaflets  which  aie 


Fic.  iBS.—BEki 


attached  to  the  common  rachis  are  termed  the  pinna,  and 
the  secondary  leaflets  ihe  pinnules  ' 


'  [Several  of  the  terms  now  defined,  especiaWY  tiiose  lebling  to  the   , 
fonn  of  leaves,  are  necessarily  used  in  sligjrtly  diHwCTftscnsK^'^'j  i\W*mM. 
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All  the  terms  now  defined  in  reference  to  the  attachment, 
fonn,  incision,  and  division  of  simple  leaves  apply  equally  to 
the  leaflets  of  compound  leaves. 

The  disposition  and  course  of  the  ribs  and  veins,  or  the 
venation  of  leaves,  is  greatly  dependent  on  the  form  of  the 
leaf  (or  i>erhaps  the  converse  is  rather  the  case).  The  term 
principal  nerve  or  mid-rib  is  given  to  the  one  which  is  most 
strongly  developed,  and  which  passes  through  the  centre  of 
the  leaf ;  the  latter  branches  which  go  out  from  it  are  the 
lateral  ribs,  and  the  smaller 
lamifjcations  the  veins  (see 
Fig.  i8i,p.  102).  Ifaleaf 
has  only  a  single  unbranch- 
ed  mid-rib,  as  in  many 
Coniferse,  the  venation  is 
said  to  be  simple.  If  the 
principal  vein,  when  it  en- 
ters the  lamina  of  the  leaf, 
divides  at  once  into  several 
branches,  the  terms  pal- 
minerivtl (F\%.  i<)\),pedati- 

««7W(Fig.  183,  p.  102),  or  f"=-  '*■  7,^r;"(;;:;!re7rin,fd/"""""" 

peltinenied  l^'\%.  162,  p.  96), 

are  given,  according  to  the  shape  of  the  leaf  When  the 
mid-rib  runs  through  the  leaf  to  its  apex,  sending  out  lateral 
branches  from  each  side,  the  leaf  h  pintiatiuemed  (Fig.  163, 
p.  97).  'When  several  nerves  enter  the  leaf  from  the  stem 
or  petiole,  they  may  be  nearly  straight  and  parallel  to  one 
another,  as  in  Grasses,  or  somewhat  curved  as  in  the  lily  of  the 
valley,  but  are  said  in  either  case  to  \>s  parallel-veined.    The 


writers.  They  miy  be  combined  in  a  variety  of  (vays,  as  linear-lanero- 
la/r,  r^irdalr-avnU,  &c.  The  following,  not  mentioned  in  Ihe  lext,  are 
also  in  use  among  English  \writers  ;  ddtdd,  with  three  nearly  equal 
angles  ;  siihulale,  nearly  cylindrical  and  awl-shaped  ;  apiculale,  endiaq. 
in  a  short  sharp  point ;  cutpidide,  with  a  sVenieier  ^t^  ^\W.,  ,^^^ 
margia  is  rwpfu/e  when  tunied  bockwftrdii  Oft  W  fee  "a»i«t  »&%.— "^^-V 
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finest  ramifications  of  veins  are  found  almost  without  excep- 
tion in  twining  plants  among  Dicotyledons  ' 

The  lamina  is  as  a  rale  flat,  rarely  cyltndrual  {Fig    192), 


'  fT/ie  parallel  venation  of  the  leaves  is  especially  c 
Endo^ns  or  Monocotyledons  ;  while  all  rtie  oftvei  -roo^es 
coinpiised  genentUy  in  the  term   ntimlaled   oi  Jirt-Teim 
'!e.^r/^  exclusively  in  Exogens  or  Dicoly\edons.— ■F-^^,■^ 


Tke  External  Form  of  Plants. 


107 


at  _fili/orpi  as,  inlhe  suhmeiged  leaves  oi  Hanurtcu^usa^uati'lis 
(Fig.  177,  p,  100),  fistulose  as  in  Allium  carinaium,  inflated 
as  in  the  onion,  or  even  asddiform,  as  in  the  case  of  the 
pitchers  of  Nepenthes  (Fig.  193),  [and  a  few  other  genera, 
the  bladders  of  Utricularia  (Fig.  356),  &c]  Occasionally 
the  lamina  \%  perforated  {^\%.  194). 

It  is  not  uncommon  to  find  on  the  same  plant  leaves  of 
different  forms  (Fig,  177,  p.  100;  Fig.  195),  when  the  plant  is 
said  to  be  heterophyllous. 
This  is  especially  the  case 
with  many  water-plants,  in 
which  someof  the  leaves  are 
submerged, while  others  rise 
above  the  water  or  float 
upon  it,  as  in  the  anow- 
head,  Sagiltaria  sagtttafo- 
lia,  and  water  crowfoot,  [ 
Ranunculus  agualilis.  The  -. 
leaves  which  grow  from  the  Ji 
lower  p£^rt  of  the  stem,  or  "■  "^ 
radical  leaves,  are  fre- 
quently different  in  shape 
from  the  upper  ones  [or 
cauline  leaves  attached  to^ 
the  stem]. 

With  reference  to  their 
consistency,  leaves  are  her- 
bacemis  \i.e.  thin  and  flaccid], 
succulent  ( Fig.  1 90)  as  in  the 
lettuce,  coriaceous  or  lea- 
thery as  in  the  box  or  holly, 
ox  fleshy  as  in  Fiftguicula.     ^ 

The  leaf  is  usually  of 
symmetrical  shape  on  each  side  of  the  mid-rib  ;  but  some- 
times unsymmetrical  or  oblique  (Fig,  10,^,  '^CjV'sa  va.'J^^ 
lime  OT  B/^onia,  one  side  being  latgei  X^ia.'cv  'iJive:  Qfc^. 
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The  length  of  life  of  leaves  varies  greatly.  The  leaves 
of  the  majority  of  plants  in  temperate  climates  fall  off  in  the 
autumn  [or  are  deciduous]  ;  in  so-called  evergreen  trees  and 
shrubs  they  persist  through  the  winter,  and  may  even  remain 
for  several  years,  as  in  some  species  of  Coniferas. 

The  green  colour  which  is  characteristic  of  the  greater 
number  of  leaves  is  due  to  a  colouring  matter  contiined  in 
their  cells,  chlorophyll  (see  p.  24).  In  some  etiolated  [sapro- 
phyric  or  parasitic]  plants,  as  Orobanche,  it  is  wanting ;  in 
others  the  leaves  are  variegated  or  coloured  white,  red,  or 
yellow,  in  patches.  The  colour  of  the  leaves  of  many  plants 
changes  more  or  less  in  the  course  of  the  year.  Thus  the 
leaves  of  the  grape-vine,  which  are  at  first  green,  often  turn 
red  in  the  autumn  ;  while 
those  of  the  copper-beech 
are  reddest  in  the  spring, 
and  afterwards  become 
more  and  more  green. 


Under  this  head  are 
included  a  number  of  struc- 
tureswhich  maybe  regarded 
as  appendages  to  the  or- 
gans already  described. 
They  are  in  some  cases 
modified  parts  of  the 
stem  or  leaf,  in  others  a 
special  development  of  the 
epidermis  which  forms  the 
outer  covering  of  plants. 
Among  them  are  tendrils 
or  cirrki,  filiform  struc- 
tures which  cling  round 
neighbouring  substances,  and  whose  function  is  to  enable 
weak  plants    to  attach  themselves  to,  aiii  to  cXvirio  ■i'^ 
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stronger  plants.  Accordingly  as  they  belong  to  the  stem  as  in 
flie  vine  (Fig.  196),  or  to  the  leaf  as  in  the  tare,  they  are 
called  stem-  or  leaf -tendrils.  The  same  distinction  is  made 
between  branch-spines  as  in  the  sloe  (Fig.  197),  and  leaf- 
spines  as  in  the  holly  (Fig.  172,  p.  98);  />.  stiff  and  very 
sharp-pointed  structures  arising  from  the  transformation  of  a 
stem  or  leaf,  or  a  part  of  one  of  these  organs,  and  which  are 
therefore  not  mere  epidermal  growths.*     Prickles^  although 


Fig.  197.— Branch-spines  of  the  sloe, 
Pnmus  spinoia. 


Fig.  19S.— Prickles  of  the  rose 


sharp-pointed  like  spines,  are  distinguished  from  them  by 
belonging  to  the  epidermis  only,  and  therefore  easily  break- 
ing off  smoothly,  which  is  never  the  case  with  spines ;  a 
good  illustration  is  furnished  by  the  rose  (Fig.  198  ;  see 
also  p.  63).  An  important  class  of  these  subsidiary  organs 
are  hairs — delicate  appendages  of  the  epidermis  which  are 

'  [Tendrils  and  spines  may  also  lx)th  be  metamorphosed  stipules ;  the 
former  is  generally  believed  to  be  the  morphological  natui-e  of  the  ten- 
drils in  the  Cucurbitaceae ;  the  latter  is  the  case  in  the  *  acacia-tree,* 
Robinia  (Fig.  184,  p.  103).  In  Latkynts  Aphaca  (Fig.  146,  p.  92), 
the  whole  of  the  leaf  is  converted  into  a  tendril ;  but  more  frequently 
only  the  upper  pinnae  of  a  compound  leaf,  as  in  many  Ija^tDiuvosae.^ 
or  the  extended  mid-rih,  as  in  G/<?rwsa.— "E.T).\ 
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sometimes  very  thinly  scattered,  when  [if  they  are  moderately 
stiff]  the  part  which  they  cover  is  said  to  be  setose  or  hispid^ 
hirsute  [when  the  hairs  are  longer],  pubescent^  or  villous 
[when  the  hairs  are  thicker  and  softer,  according  as  they 
are  shorter  or  longer];  silky  [when  they  are  very  long  and 
delicate]  as  in  the  young  leaves  of  the  aspen  ;  woolly  as  in 
some  species  of  Primula ;  tomentose  as  on  the  underside  of 
the  leaves  of  the  aspen,  or  floccose^  as  in  Verbascum  Thapsus 
[when  they  are  very  dense  and  interwoven,  according  to  the 
coarseness  of  the  hairs  and  the  thickress  of  the  coat  which 
they  form].  Sometimes,  as  jn  the  stinging-nettle  (Fig.  88, 
p.  62),  the  hair  contains  an  acrid  fluid,  and  is  then  called  a 
sting ;  if  the  fluid,  on  the  other  hand,  is  viscid  [or  oily],  it 
is  termed  a  glandular  hair  (Fig.  92,  p.  63).  Closely  con- 
nected with  these  are  glands,  organs  which  do  not  assume  the 
form  of  a  hair,  but,  like  glandular  hairs,  secrete  a  fluid  which 
causes  the?  surface  to  become  viscous  or  glutinous  as  in 
Lychnis  vlscaria  (see  also  p.  63).  Mention  should  be  made 
finally  of  scales  [or  peltate  hairs],  peculiar  flattened  hairlike 
structures,  such  as  occur  on  the  leaves  oi  Elceagnus  (Fig.  91, 
p.  63),  and  Hippopha'e  rhamnoides, 

THE   FLOWER. 

The  flower  is  the  organ  [or  rather  assemblage  of  organs] 
the  purpose  of  which  is  the  production  of  the  seed.  It  is 
therefore  the  reproductive  organ  of  the  plant,  and  is  mor- 
phologically a  branchlet  provided  with  leaves  of  peculiar  form. 

The  more  or  less  perfect  development  of  the  flower- 
stalk  determines  whether  the  flower  is  pedicellate  (stalked)  or 
sessile. 

Some  parts  of  the  flower  are  essential,  others  non- 
essential, according  as  they  are  indispensable  or  not  for  its 
main  purpose,  the  production  of  the  seed.  The  non-es- 
sential  parts,  which  are  always  exterior,  form  together  the 
Soral  envelopes  or  perianth^  and  axe  sepaiateV^  ^^  cal^oc^?wi 
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eorolld,  the  foimer  constituting  an  outer  »1  orl  whch  s 
muall)'  green,  and  the  latter  an  inner  whorl  wh  ch  s  usually 
coloured  (f>.  not  green),  (Fig.  199).     In  other  cases  hov 


^""jfft. 


«cr  of  Sv«i- 


ever,  there  is  no  such  contrast  between  the  two  whorls.  One 
may  be  entirely  absent,  as  in  the  elm  [or  stinging  nettle], 
or,  if  both  are  present,  as   in  liliaceEe,  [Juncaceie],  and 


Lwoslckk-ihapcdbi 

Orchidete,  they  may  not  materially  differ  in  colour  or  form  ; 
and  the  term  perianth  is  especially  used  in  reference  to  these 
cases.  The  essential  parts  of  the  flower  are  the  OHdradum 
or  j/<«w«w,  and  the  gynacaim  01  piidl  {^\^.  400,  ■*.,  ■?ji;\. 


112 


Structural  and  Physiological  Botany, 


Tht/ruify  containing  the  seeds,  is  developed  out  of  the  latter 
or  female  organ,  after  fertilisation  by  XhQ  pollen  formed  in 
the  stamens  or  male  organs. 

When  all  these  four  organs  are  present  in  the  samfe 
flower,  it  is  said  to  be  complete  or  perfect]  if  either  is 
absent,  incomplete  or  imperfect.  The  flowers  for  example 
of  the  rose,  mignonette,  and  forget-me-not  are  perfect; 
those  of  the  willow  and  poplar,  which  have  neither  calyx 
nor  corolla,  are  imperfect.  Other  flowers  again  are  imperfect 
from  the  absence  of  one  of  the  essential  parts.  Those 
flowers  which  possess  both  stamens  and  pistil  are  herma- 
phrodite or  bisexual \  those  in  which  either  stamens  or 
pistil  are  wanting  are  diclinous  or  unisexual.  If  the  stamens 
are  present  but  the  pistil  absent,  they  are  male  or  staminate 
(Fig.  201) ;  if  on  the  other  hand  the  pistil  is  present  but 
the  stamens  absent,  they  are  pistillate  ox  female  (Fig.   20?)  \ 


Fig.  2o^. — Neuter  flower  of 
Ccntaurea  Cyantts. 


Fig.  204. — ^Floral  diagram  of  a  cniciferous 
flower :  k  calyx  ;  b  corolla  :  s  .stamens  : 
St  bilocular  ovary  (see  also  Fig.  200). 


while  flowers  which  possess  neither  pistil  nor  stamens,  as  the 
outermost  flowers  of  the  capitula  of  the  corn  blue-bottle, 
Centaurea  Cyanus  (Fig.  203),  are  sterile  or  neuter.  If 
the  same  plant  bears  both  male  and  female  flowers,  the 
species  and  the  flowers  are  said  to  be  moncecious-,  dioecious 
when  the  male  and  female  flowers  are  on  different  individuals, 
and  hence  some  individuals  are  male,  others  female  ;  while 
those  plants  in  which  male,  female,  and'  hermaphrodite 
/lowers  are  all  found  on  the  same  \iid\\\dv\al  are  said  to  be 
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polygamous.  Examples  of  monoecious  plants  occur  in  the 
oak,  walnut,  birch,  and  CallitricJu  \  of  dioecious  plants  in  the 
juniper  and  poplar;  of  polygamous  in  the  maple,  elm,  and 
horse-chestnut. 

The  centre  of  a  perfect  flower  is  occupied  by  the  pistil, 
aroimd  which  are  grouped  first  the  stamens,  next  the  corolla, 
and  finally  the  calyx,  arranged  in  whorls  or  spiral  lines. 
The  greatest  diversity,  however,  prevails  in  the  mutual  posi- 
tion of  the  individual  organs,  which  is  best  recognised  by  a 
longitudinal  section  of  the  flower,  and  by  the  floral  diagram 
or  cross  section.    In  Fig.  204,  for  example,  which  represents 


Fig.  205. — Diagram  of  the  flower 
oi  Rhatnnus  Frangula;  with 
five  valvate  sepals,  five  folded 
petals,  five  stamens  opposite  the 
petals,  and  a  trilocular  cvary. 


Fig.  206. — Diagram  of  the  flower  of  Ranvn- 
culu-  acris ;  with  five  imbricate  sepals,  five 
imbricate  petals  alternate  with  the  sepals  (both 
quincuncial),a  very  large  number  of  stamens, 
and  a  large  number  of  distinct  carpels. 


diagrammatically  the  cross  section  of  a  cruciferous  flower,  it 
is  seen  that  the  calyx,  k,  consists  of  two  whorls,  each  of  two 
leaves,  with  alternate  aestivation;  the  corolla,  b,  of  one  whorl 
of  four  leaves  with  imbricate  aestivation ;  while  the  androecium, 
s,  also  consists  of  two  whorls,  the  outer  one  of  two,  the  inner 
one  of  four  stamens.  The  leaves  of  the  corolla  alternate 
with  those  of  the  calyx ;  the  stamens  of  the  inner  whorl  stand 
in  front  of  (in  other  words,  are  opposite  to  or  superposed 
upon)  the  leaves  of  the  corolla,  the  two  outer  ones  being 
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alternate  with  them.    "The  diagrams  Figs,  205,  206 '  bring 
out  analogous  points  of  structure. 

All  the  different  parts  of  the  flower  frequently  stand  free 
on  the  base  or  receptacle  of  the  flower,  as  in  the  various 
species  of  Ranunculus,  but  are  often  coherait  or  adherent  to 
one  another.  Thus  in  the  dead-nettle,  borage,  &c.,  the 
stamens  are  adherent  to  the  corolla,  and  in  Daphne  (Fig. 
207)  to  the  perianth ;  in  the  Malvacete  {Fig.  275,  p.  139)  the 


filaments  of  the  stamens  are  coherent  in  their  lower  part  into 
a  tube ;  in  Orchidere  the  single  stamen  is  adherent  to  the 
pistil,  Ac.  When  the  calyx,  corolla,  and  stamens  adhere  to 
one  another  at  their  base,  the  flower  is  said  to  be  calycifloral 
(Fig.  208)  ;  thalainifloral  when  the  various  parts  stand  free 
on  the  receptacle  (Fig.  209). 

Special  importance  is  attached  to  the  relative  positions 
of  the  perianth-whoris  and  stamens  in  relation  to  the  pistil, 
or  to  their  insertion  ;  the  ovary  [the  lower  part  of  the  pistil] 
being  inferior  or  superior  in  relation  to  the  superior  or 
inferior  calyx,  corolla,  and  stamens.    Thus   the  ovary  is 
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superior  or  free,  as  in  Ranunculus  (Fig.  zog)  or  Rhamnvs 
(Fig.  3o8),  when  the  remaining  parts  of  the  flower  are 
attached  to  or  below 
its  base,  and  are  con- 
versely inferior  or  hy- 
pogynous.  The  ovary 
on  the  other  hand  is 
inferior  when  the 
other  parts  of  the 
ilower  are  attached 
to  its  upper  part,  and 
are  therefore  supe- 
rior, adherent,  or  epi- 

gynofis,  as  in  Mesembryanthemum  (Fig.  210).  The  ovary, 
finally,  is  half-inferior  when  the  other  parts  of  the  flower 
are  coherent  at  their  base,  and  thus  form  a  tube  which  sur- 


FiC  aio.— LongitudEnal  eer 


rounds  the  free  pistil,  as  in  the  rose;  the  calyx,  corolla,  and 
stamens  then  having  a  half-superior  ax perigynous '  insertion. 

'  [Practically  the  term  perigynoiis  is  used  in  English  descriptive  bo- 
tany witli  reference  to  the  stamens  to  express  their  union  to  the  calyx  ; 
when  attached  to  the  corolla  they  are  e^pOalom ;  epigynous  when 
attached  to  the  upper  part  of  the  ovary.  Aw '  wifefiox'  ot'it^  \^  i™-«^ 
theresolt  o/'fie  adiiesion  to  the  wall  ot  t\\e  WTOTj  (A  a-Y^t^  a* 'S"*'*'*^ 
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An  additional  point  to  note  is  that  fre- 
quently the  number  of  the  different  parts  of 
the  flower  is  not  always  the  same  in  the  same 
species.  Thus  in  Adoxa  Moschatellina  and 
Monotropa  hypopitys^  the  petals  of  the  ter- 
minal flowers  of  the  inflorescence  are  five  in 
number ;  of  the  lower  flowers  on  the  contrary 
four ;  in  Atriplex  the  perianth  of  the  female 
flowers  is  two-leaved,  while  that  of  the  male 
and  polygamous  flowers  is  three  to  five- 
leaved. 


Fig.  211.— a  Hip' 
puris        7'itl^aris 
with     verticillate 
inflorescence ;      b 
separate       flower 
consisting     of     a 
pistil  With,  a  long 
it^art-Jtke     stigma 
3nd  a.  single  sta- 
men (maguified). 


THE   INFLORESCENCE. 

The  flowers  stand  either  solitary  or  grouped 
together  according  to  a  definite  law,  on 
branched  or  thickened  flower- stalks.  Such  a 
group  of  flowers  is  termed  an  inflorescence', 
[the  common  stalk  of  the  inflorescence  is 
then  the  peduncle^  the  separate  stalks  of 
the  individual  flowers  pedicels,  and  the  axis 
of  the  inflorescence  the  rachis\  Solitary 
flowers  are  usually  seated  each  in  the  axil  of 
a  leaf  or  bract  as  in  the  deadly  nightshade, 
Atropa  Belladonna,  less  often  at  the  apex  of 
the  stem  as  in  Paris  quadrifolia,  or  of  a  scape 
as  in  the  tulip.  In  some  plants  with  verticil- 
late  leaves  a  single  flower  is  produced  in  the 


of  the  calyx  ;  when  the  whole  is  adherent,  the  calyx- 
limb  is  then  obsolete,  as  in  many  UmbelliferDe  ; 
when  only  a  portion,  then  the  calyx-limb  is  said  to  be 
superior,  or  half-superior,  as  the  case  may  be.  The 
term  cohesion  is  used  to  express  the  union  of  similar 
parts,  as  stamens  with  stamens,  or  petals  with  peta^s  ; 
adhesion  the  union  of  dissimilar  parts,  as  stamens  with 
corolla,  or  calyx  with  ovary.  In  German  the 
same  term  is  used  for  bot\v.— E.d.'^ 
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axil  of  each  of  the  leaves,  when  the  flowers  form  a  true 
whorl,  as  in  Hippuris  (Fig.  211). 

The  common  peduncle  of  the  inflorescence  is  sometimes 
extremely  abbreviated,  the  sessile  or  very  shortly  pedicelled 
flowers  standing  upon  it  very  closely  crowded,  as  in  the 
clover  (Fig.  212),  The  form  of  the  inflorescence  is  then 
dependent  on  the  nature  of  the  termination  of  the  peduncle. 


The  common  receptacle,  or  surface  from  which  the  in- 
florescence springs,  is  sometimes  flattened  out,  and  some- 
times swollen  into  a  more  or  less  hemispherical  form  (Figs. 
213,  214);  these  two  variations  being  especially  common 
in  the  order  Compositje,  and  characterising  the  capitidum  ; 
or  it  is  "sometimes  hollowed  out  into  a  pitcher-like  form,  as 
in  the  fig  {Fig.  215),  constituting  a  hypanthodium ;  or  the 
separate  flowers  are  buried  in  the  fleshy  receptacle,  when  it 
becomes  a  cceimnt/iium,  as  in  Dorslenia  (Fife.  216V  The 
receptacle  itself  is  usually  solid,  but  mx^  \)c  Vtiity«  'v^'^t  '*-'^°<^> 
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it  may  be  naked,  or  setose,  i.e.  clothed  with  bristles  {Fig.  217), 
or  covered  with  hair-like  bracts  qx  palem  when  it  '\%paUac<OHs 
(Fig.  218),  or>(- 
briated ;  or  it  may  be 
pitted  with  small  ex- 
cavations. All  these 
forms  of  receptacle 
occur  in  different 
genera  of  Compositie. 
The  capitulum  is 
most  commonly—  in 
Compositie  [and  Dip- 
sacaceie]  always — en- 
closed at  its  base  in 
a  common  involucre, 
consisting  of  crowded 
bracts,  sometimes 
arranged  in  several 
whorls,     and      then 
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usually  imbricate  (Fig.  219).     In  many  plants  (especially 

Composite)  in  which  the  flowers  are  arranged  in  capitula, 
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the  marginal  flowers  of  each  capitulum  are  larger  and  more 
conspicuous  than  the  iutemal  ones,  and  the  capitulum  is 
then  said  to  be  rayed  [the  outer  flowers  being  termed  flowers 
oxjlorets  oflheray,  the  inner  ones  flowers  ax  florets  of  thedisc\, 
as  in  the  chamomile  (Fig.  214),  single  aster,  marigold,  &c. 

The  umbel  resembles  the  capitulum  in  the  fact  of  the  stem 

terminating  in  a  number  of  flowers,  but  each  separate  flower 

is  stalked.     The  umbel  is  simple  when  the  main  stem  or 

peduncle  ends  in  a  number  of  separate  stalked  flowers,  as 

in  the  cherry  (Fig.  220),  compound  v/htn  it  branches  into  a 

numhei  of  secondary  umbels  or  uuibellules  (Fig.  221)  [as  in 

the  majority  of  genera  of 

•^   '  "^Si  UmbelliferEe].  The  main 

•^MsJ'^^      umbel  is  generally  sur- 

^^^^^    rounded  at  its  base  by  a 

.^j  "  whorl    of   bracts,   again 

"teB-f  called  an  involucre,  while 

the    whorl    surrounding 

each  of  the  secondary 

umbels  is  a.n  involucel  or 

.      ,,,,,.        ,       partial  involucre.  Eitlier 

Tind  umb«l  of  fool  s  fiaraley,    *^ 
-•ii,,-)..  .^^/.^lUMi;  common  involucre  warn-    of  the  tWO  may,  howevei, 

be  wanting,  or  may  con- 
sist of  a  smaller  or  larger  number  of  leaves.  Thus  the  carrot 
has  both  involucre  and  involucels,  each  consisting  of  a  large 
number  of  bracts  ;  the  fool's  parsley,  ^thusa  cynaptum  (Fig, 
2zi),  has  involucels,  but  no  general  involucre;  the  fennel 
neither  one  nor  the  other.  The  length  of  the  separate 
pedicels  may  vary  greatly,  so  that  the  umbel  becomes 
spherical,  hemispherical,  or  flat ;  or  it  may  be  rayed  like  the 
capitulum  [as  in  Herackum,  where  the  outer  flowers  of  each 
umbellule  ate  larger  than  the  inner  ones]. 

In  the  spike,  the  common  peduncle  or  rachis  bears  a 

number  of  flowers,  arranged,  in  the  simple  spike  (Fig.  222) 

opposite  one  another,  in  whorls,  or  spirally,  and  sessile,  or 

W//A  onJy  very  short  pedicels  ;  whiie,  in  Ave  compmni  sf  ifee. 
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these  are  replaced  by  small  secondary  spikdets,  as  in  some 
grasses.  The  individual  flowers  may  also  be  less  or  more 
crowded,  according  to  the  greater  or  less  elongation  of  the 
rachis.  A  spike  with  a  thick  fleshy  rachis,  aod  enveloped 
in  a  large  bract  growing  at  its  base,  as  in  Arum  or  Calta,  is 
termed  a  spadix,  and 
the  enveloping  bract 
SLspatke.  A  deciduous 
spike  with  weak  ra- 
^™ljjv  '-'''^    [and    unisexual 

''u'Twicfc^U  flowers]    is  a  catkin 


223) ;  while  a  coiie{Y\%.  224) '  or  stroUlus  is  a  spike  in  which 
the  rachis  and  bracts  have  become  partially  lignified  [or 
the  bracts  are  membranous]. 

The  raceme  is  distinguished  from  the  spike  by  its  separate 

'  [The  cone  of  Coniferre  is  here  rerened  to  as  an  inflorescence,  as  is 
also  the  case  in  some  of  Ihe  best  English  text-booWs  ;  according  to  Ihe 
roost  recent  investigations,  however,  it  is  not  a  collection  of  flowers,  but 
a  fniit  or  'pseudocarp'  resulting  from  a.  B\u^e  Ro"nct.  \tv'CM."W3^ -ii^ 
have  an  instance  of  a  true  strobilns  w'uVi  nieaibTOW»ii\wwa.'i-— ^■^\ 
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flowers  being  stalked.  A  compound  raceme  or  panicle,  as 
in  the  oat,  is  distinguished  from  a  simple  raceme  (Fig.  225) 
by  the  individual  flowers  on  the  rachis  being  replaced  by 
secondary  racemes  ;  when  very  mach  branched  [and  pyra- 
midal in  shape]  as  in  the  lilac  [or  horse  chestnut]  it  is  called 
a  t/iyrse.    When  the  lower  and  outer  flowers  are  borne  on 


pedicels  which  are  so  much  longer  than  the  upper  and  inner 
ones  that  the  whole  inflorescence  is  more  or  less  nearly  flat- 
headed,  it  becomes  a  corymb,  as  in  the  undeveloped  raceme 
of  many  Crucifers  [like  the  wall-flower,  or  in  the  elder].  In 
the  inflorescences  of  many  species  of /uncus  and  Luzula  the 
pedicels  of  the  lower  flowers  are  so  greatly  lengthened  that 
they  rise  even  above  the  upper  ones,  and  the  term  anthela  is 
then  given  to  the  inflorescence.  The  mode  of  development 
of  the  anthela  corresponds  to  that  of  the  sympodium  {see 
p.  76).  The  panicle  often  passes  over  insensibly  into  the 
compound  umbel.  In  the  cyme  two  or  more  branches  of 
eguaJ  strength  spring   from  beneath  a  ternnnaX  fto^ei  -,  \\. 
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is  globular  in  the  guelder-rose,  flat-headed  or  corymbose 
in  the  launistinus.  Under  this  head  should  be  included 
also  the  verticillaster^  frequently  erroneously  described  as 
a  whorl,  a  very  common  inflorescence  in  the  Labiatae, 
in  which  the  flowers  of  two  cymes,  often  but  imperfectly 
developed  and  borne  on  opposite  sides  of  the  stem  in 

A  B 


the  axils  of  opposite  leaves, 
appear  as  if  encircling  the 
stem.  Similar  undeveloped 
closely  crowded  cymes,  termed 
glomeruli^  occur  in  Valerian- 
ilia.  When  a  cyme  is  de- 
veloped only  on  one  side,  and 
in  the  young  state  is  rolled  up 
in  a  circinate  manner,   it  is 

Fig.   227.-   a,  Cymose  inflorescence  of     called    a   SCOTpioid  CyPie,    aS    in 

^^:''i\LtX'^ri!\J:^:^'^i   the  forget-me-not  (Fig.  227); 
the  flowers  in  the  scorpioid  cyme.  j-^j^^j^  always  branching  iuto 

two  arms  of  equal  strength,  with  a  flower  in  the  angle,  as 
in  most  Caryophyllaceae,  it  is  a  dichoiomous  cyme].  The 
great  variety  of  different  kinds  of  inflorescence  is  increased 
and  rendered  more  complicated  by  the  combination  of  some 
of  those  here  described.^ 

'  [Tlie  best  primary  classification  of  inflorescences  is  Into  (,i\  t«<&- 
jS/f//^  or  (e/tiripaai,  m  which  the  lowest  ^o^«  QX  VJaaX.  Sx«S^^s^Si^^ vs^^ 
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THE  CALYX. 

The  calyx  is,  in  its  most  perfect  form,  the  protecting 
envelope  for  the  interior  more  delicate  parts  of  the  flower  ; 
and  may  therefore  be  compared  to  bud-scales.  In  some 
plants,  as  in  the  Umbelliferse,  it  is  but  slightly  developed, 
the  calyx-limb  being  obsolete,  and  its  teeth  scarcely  visible 
on  the  margin  of  the  inferior  ovary.  ^  The  more  perfectly 
developed  calyx,  which  is  generally  green,  consists  usually 
of  only  a  single  whorl  of  leaves  or  sepals  ;  less  often,  as  in 
the  strawberry  (Fig.   228),  of  two ;  or  occasionally,  as  in 

Gossypium,  of  three  whorls.  In  a  few 
instances — among  Dicotyledons  in  the 
fuchsia,  larkspur,  Tropceolufn,  &c. — the 
calyx  is  coloured  ;  but  the  whole  of  the 
floral  envelope  might  in  these  cases  be 
spoken  of  as  a  perianth,  as  is  usually  the 
case  with  Monocotyledons. 

The  calyx  is  said  to  be  gamosepaloiis 

Fig.  228.— Flower  of  the  ,     r  r*  -i  i  i  -i 

strawberry,  with  calyx  or  syusepalous  [m    oldcr   works  on  de- 
in  two  rows.  scriptivc  botauy  *  mpnosepalous '],  when 

the  leaves  of  which  it  is  composed  are  more  or  less  coherent 
at  the  base  :  aposepalous  or  eleutherosepalous  [in  older  works 
*  polysepalous  '],  when  they  are  completely  distinct.  It  may 
also  be  regular  or  irregular ;  but  the  irregular  calyx  is  almost 
always  symmetrical^  that  is,  it  can  be   divided   into   two 

apex  opens  first,  and  then  the  rest  in  regular  succession  ;  and  (2)  definite 
or  centrifugal^  in  which  the  order  of  development  is  the  reverse,  the 
central  flower  opening  first.  To  the  second  class  belong  the  cyme  and 
its  varieties  ;  to  the  first  most  of  the  other  kinds  of  inflorescence.  In  the 
capitulum  of  some  Dipsacaceae  we  get  a  combination  of  the  two. — Ed.] 

*  See  note,  p.  115. 

2  [This  term  is  used  in  most  English  text-books  in  a  different  sense, 

to  express  a  relationship  in  number  between  the  sepals,  petals,  and 

stamens.     If  these  are  the  same  in  number,  or  a  multiple  of  the  same 

number,  as  in  Saxifraga^  5,  5,  5,  or  Fuchsia^  4,  4,  8,  the  flower  is  said 

to  be  'symmetrical ;'  if  this  is  not  the  case,  as  in  Cruciferse,  4,  4,  6,  or 

Labiatse,  5,  5,  4,  it  is  said  to  be  '  unsymmelt\ca\.'— l.Ti.'\ 
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parts,  so  that  each  one  is  exactly  similar  to  the  other  re- 
versed. The  regular  gamosepalous  calyx  may  be  rotate 
[or  with  the  limb  expanded  like  a  wheel],  turbinate  or  top- 
shaped,  urceolate  or  urn-shaped  (Fig.  229),  inftindihuli- 
form  or  funnel-shaped,  tubular  or  cylindrical,  inflated  (Fig. 
234),  \campanulate  or  bell-shaped],  &c..  The  margin  or 
edge  of  the  calyx  may  also  be  toothedy  lobed,  or  incised^  accord- 
ing to  the  depth  to  which  it  is  cut.  The  number  of  teeth 
has  also  to  be  taken  into  account,  when  the  calyx  is  said  to 
be  bifida  trifid^  midtifid,  &c. ;  or  in  the  case  of  aposepalous 
calices  the  number  of  separate  sepals,  when  it  is  bisepalousy 


II 


Fig.  229.— I.  Turbinate ;  II.  urceolate 
calyx  (represented  diagrammatically). 


Fig.  23a — Bilabiate  five-toothed  calyx 
of  Lainium. 


trtsepalous,  polysepalous,  &c.  Among  irregular  forms  of 
the  calyx  an  especially  common  one  is  the  bilabiate,  or  two- 
lipped  (Fig.  230),  a  gamosepalous  calyx  divided  by  two 
deep  incisions  into  an  upper  and  lower  division  or  lip 
[particularly  characteristic  of  the  order  Labiatae] ;  and  not 
unfrequent  are  the  spurred  (Fig.  231),  furnished  with  a  larger 
or  shorter  hollow  appendage  or  spur  [as  in  Tropceolum  and 
Impatiem']]  and  the  saccate  (Fig.  232),  which  occurs  fre- 
quently in  Cruciferae,  and  consists  of  four  distinct  sepals* 
two  of  which  are  gibbous  at  the  base. 

As  respects  its  persistence,  the  calyx  may  be  caducous, 
when  it  is  thrown  off  at  the  time  of  expansion  of  the  flower, 
as  m  the  poppy  (Fig.  233)  •,  deciduous^  \i\x^\v  SxSa^^  ^^  -^^^ 
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the  same  time  as  the  corolla;  or  persistent  [when  it  remains 
after  the  corolla  has  fallen].  The  calyx  generally  leaves  a 
smooth  scar  when  it  falls  off:  less  often,  as  in  Datura  and 


Fic.  j3i.-SpuiTedcaly»of  7Vd>to/™i.  Fb 

Fortulaca,  the  lower  part  remains  attached  like  a  ruffle. 
The  persistent  calyx  often  retains  its  form  unch^nged, 
as.  in  the   strawberry;    but,  sometimes,  as  m  the  ninter- 


—      caljn      Fjg.  134.— LnngitudLc 


cherry,  J^ysa/i's  Aikekengii^\%.  234),it  increases  in  size  [oris 
'aiyiaiKa^  and  forms  a  membranous  sa.c\L  wVivck  ttw^o^ea 


The  External  Form,  of  Plants. 


127 


the  fruit.  Sometimes  it  even  takes  part  in  tlie  formation  of 
the  fruit,  as  in  Trapa,  the  four  horns  of  the  fruit  being  here 
formed  by  the  lignification  of  the  calyx-teeth.'  Particularly 
noteworthy  is  the  production  of  \hz  pappus  from  the  limb  of 
the  calyx.  This  peculiar  form  is  especially  characteristic  of 
Compoiiitas  ;  the  calyx  continues  to  grow  after  the  withering 
of  the  corolla,  and  either  a  crown  of  simple  hairs  or  pilose  pap- 
pus (Figs.  235,  236),  or  a  plumose  pappus  of  branched  hairs 


^Sijmgpi^ 


Fra  ajS.— PiloK  <tlpiiai«  pappus  o( 

(Figs.  237,  238),  is  formed  from  its  teeth,  and  subse- 
quently crowns  the  fruit  The  pappus  may  either  be 
sessile  as  in  the  groundsel  (Fig.  235),  or  ^ftjtiya/r  as  in  the  dan- 
delion {Fig.  236),  from  the  development  of  the  upper  part 
of  the  calyx-tube,  in  the  form  of  a  stalk  which  bears  the 
feathery  crown.  The  pappus,  again,  may  be  detitate,  or 
coronate  (Fig.  239),  the  calyx-teeth  remaining  in  the  latter 
case  undeveloped,  and  being  transformed  into  small  broad 
hairs  which  form,  as  it  were,  a  crown  to  the  fruit  In  addi- 
tion to  the  Compositse,  instances  of  a  pappus  occur  in 
Valerianacere  and   Dipsacacese.      The   chicory,    Cichoriuni 

■  [The  fleshy  calyx-tabe— or,  as  some  ttiinV,*.V«wtevV'MJ«— '^'^^S*- 
rose,  apple,  pear.  &c.,  uoiles  with  the  pislil \o  form  a.  ^s^si&oi^i^ '^** 
p.  I46).-Ed.] 
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Intybus,  furnishes  an  illustration  of  a  coronate,  the  artichoke 
and  Scorzonera  oia.  plumose  sessile,  the  goatsbeard,  Trago- 


t'P'fH 


pogon,  of  a  plumose  stipitate,  the  common  thistle,  Cnicus,  of 
a  pilose  sessile,  the  dandelion  of  a  pilose  stipitate  pappus. 


The  leaves  of  which  the  corolla  consists,  or  petals,  are, 
as  a  rule,  much  more  delicate  than  those  of  the  calyx,  and 
are  usually  coloured,  i.e.  white  or  some  bright  colour  in 
contradistinction  to  green.  The  colour  of  the  corolla  is, 
however,  of  subordinate  importance,  and  is  often  variable  in 
the  same  olant  The  corolla  of  Pulmonaria,  for  example, 
is  red  when  it  first  opens,  and  afterwards  becomes  violet 
[that  of  Cobma  scandens  changes  gradually  from  pale-green 
to  purple],  while  that  di  Hibiscus  abelmoschas  is  white  in  the 
morning,  pale  red  by  raid- day,  and  rose-red  in  the  evening.' 

'  [In  many  species  also  fhe  colour  varies  in  different  individuals  ;  Ihus 

the  corolla  of  Campanula  rolundifolia,  usually  blue,  is  occasionally 

white  ;  that  of  Erica  telraiix,  usually  rose-coloured,  is  also  occasionally 

while ;  tvbUe  that  of  PplygcUa  vulgaris  \s  indifferently  while,  blue,  or 

rose-coloared.  — Ed.  J 
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It  is  unusual  for  the  corolla  to  be  green ;  in  the  grape-vine 
it  is  yellowish  green.  Certain  plants,  however,  which  have 
nonnally  a  bright- coloured  corolla,  produce  occasionally  a 
green  one,  as  occurs  in  Hydrangea  and  Hesperis. 

The  corolla  is  gamopetalous  or  sympetalous  [less  cor- 
rectly '  nionopetalous'],  when  the  petals  are  more  or  less 
coherent ;  apopetalous  or  claitheropelalous  [less  correctly 
'  polypetalous  'I,  when  they  are  perfectly  distinct ;  regular 
when  they  are  all  alike ;  irregular  when  one  or  more  differs 
from  the  rest  in  size  or  form ;  but  in  the  latter  case  the 
corolla  is  always  symmetrteal. 

The  principal  forms  of  the  gamopetalous  corolla  are  glo- 
bose as  in  Eriea  ietralix  (Fig.  240)  ;  urceolate  or  urn-shaped 
iflL  as  in  the  bilberry  (Fig.  241) ;  campanu- 

f^^k  l<ilc  or  bell-shaped  as  in   Campanula 

L  J  (^'&  24*)  J  infundibuliform  or  funnel - 

3^||E  '  shaped  as  in  Convolvulus  arvensis  {Fig. 


{magnifiedX 


243) ;  tubular  as  in  the  '  florets  of  the  disc '  of  many  Com  ■ 
positse  (Fig.  244);  rotate  as  in  the  borage  (Fig.  245);  hypo- 
crateriform  or  salver-shaped  as  in  the  jasmine  (Fig.  247); 
ligulate  or  strap-shaped  as  in  the  'ftoiMsQ^fee.'w.'j^  ^^Tsass^ 
Contpositse  (Fig.  246J ;  bilabiate  as  m  mQ^\.  "VaSi^s^sK.  V^^Jfe 
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348),  where  the  corolla  is  divided  into  an  upper  and  a  lower 
lip,  the  former  having  two  and  the  latter  three  teeth  [repre- 
senting the  five  petals].  When  the  two  lips  are  widely  sepa- 
rated, as  in  the  figure, 
the  corolla  is  said  to 
be  ringent ;  while,  if 
the  mouth  is  closed 
by  a  cushion- like  for- 
mation on  the  under, 
lip,  called  thc/a/atf, 


Jrollaof  Fin.  8415.— Ugulale  c 
Iha  borage,  BerTai;e  offlci-  n>lb  (rt  Gleitilaria  A 1 
nalii  (magnified).  furx  (magnified). 


D  coiolli  Dfthi  jas- 
X  (magnified) 

as  in  Antirrhinum  (Fig,  249),  the  corolla  is  said  to  hs  per- 
sonate.    [The  corolla,  like  the  calyx,  may  be  spurred,    as 
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in  Viola  and  many  orchises,  or  hooded^  as  in  the  monks- 
hood]. 

The  form  of  the  apopetalous,  like  that  of  the  gamo- 
petalous  corolla,  varies,  and  may  be  globose^  campanulate^ 
rotate,  &c. ;  but  the  most  important  point  to  note  in  it  is 
the  form  and  the  relative  position  and  number  of  the  petals. 
As  respects  their  form,  they  may  be  entire  as  in  the  apple ; 
ohcordate  as  in  ^Ethusa  cynapium  ;  toothed  or  fringed  as  in 
many  Caryophyllacese  (Fig.  250) ;  fimbriate  as  in  Dianthus 


Fig.  250. — Unguiculate  petal  Fig.  251. — Bifid  unguicu-  Fig.  252.  —  Cruciform 
of  Dianthus t  with  toothed  late  petal  of  Lychnis^  flower  of  Lunaria 
lamina.  with  ligule.  with  unguiculate  pe- 

tals. 

plumarius\  bifid  as  in  Lychnis  diurna  (Fig.  251);  unguiculate 
(Figs.  250-252),  when  the  petals  are  very  narrow  in  the 
lower  part,  which  forms  a  claw  or  unguis,  while  comparatively 
broad  in  the  upper  part  or  lamina,  &c. 

There  are  several  forms  of  the.  apopetalous  corolla  which 
are  of  especially  common  occurrence,  and  therefore  worthy 
of  note  [and  which  are  frequently  characteristic  of  large 
natural  groups]  :  viz,  the  cruciform,  papilionaceous,  caryo- 
phyllaceous,  rosaceous,  and  the  less  common  but  very  re- 
markable mitrseform.  In  the  cruciform  corolla  (Fig.  252), 
characteristic  of  the  large  natural  order  of  Cruciferse,  we  find 
four  unguiculate  petals  arranged  in  the  form  of  a  cross,  and  • 
alternating  with  the  four  sepals.  TVv^  jf)af  ilionaccous  ^<5ft^>a. 
fFi^.  2 S3),  confined  to  the  divis\oivPa'^iX\oxv'a.c^"^  oV^^  cs^^^ 
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Leguminosae,  consists  of  five  petals,  of  which  one,  the  stan~ 
dard  or  vexillum,  the  uppermost,  is  usually  the  largest ;  at 
its  sides  are  the  two  wings  or  aife ;  while  the  lowermost 


part  of  the  corolla,  the  keel  or  carina,  consists  of  two  petals 
often  more  or  less  united  above,  and  usually  enclosing  the 
stamens  and  pistil.  The  caryophyllaceous  corolla  (Figs.  254, 
255)  consists  of  five  petals  with  long  ungues  attached  to  the 


■  base  of  a  gamosepalous  [or  sometimes  aposepalous]  calyx, 
[and  each  of  the  petals  is  often  furnished  with  an  appendage 
inown  as  the  iigule,  (Fig    251)  and  fcimvci%  \o%efe«  "i^e 
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iorond\.  The  rosaceous  corolla  (Fig.  256),  consists  of  five 
petals  which  are  not  unguiculate,  with  perigynous  adhesion, 
i.e.  attached  to  that  part  of  the  urceolate  or  hypocraleriform 
calyx  where  the  separate  sepals  spring  from  the  coherent 
base,  and  is  especially  characteristic  of  a  section  of  the  order 
The  ntitrmform  corolla  (Fig.  257)  which  occurs 


nifiid). 


in  the  grape  vine,  consists  of  five  petals  which  are  coherent 
at  their  tips,  and  become  detached  at  their  base  on  the  ex- 
.  pansion  of  the  flower,  thus  covering  the  Inner  petals  of  the 
flower  like  a  cap. 

The  petals  usually  break  off  when  they  fall  by  an  articu- 
lation at  their  base,  but  often  remain  attached  and  withered, 
as  in  Campanula  [when  they  are  said  to  hs  marcescetU\.  The 
corolla  never  takes  any  part  in  the  formation  of  the  fruit,  as 
is  sometimes  the  case  with  the  calyx. 


THE   PERIANTH. 


When  the  Perianth  {i.e.  the  two  floral  envelopes,  the 
calyx  and  corolla)  is  green,  as  in  the  elm  and  Rumex  (Figs. 
258,  S59,  260),  it  is  said  to  be  sEfaloid  ■, -^Vctv  "^"w^*-- 
coloured  or  white,  as  in  Orchidese  atvAlJ^\sJi«.'K,  ^J^v  'i'i'^>'' 
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is  petalcid  \  the  dry  scarious  perianth  of  grasses  is  gluma- 
ceous ;  that  of  the  catkins  of  many  forest-trees  scaly.  Simi- 
lar terms  may  be  applied  to  the  pe- 
rianth as  to  the  calyx  and  corolla,  with 
respect  to  the  forai,  size,  number,  and 
arrangement  of  its  separate  parts.  It 
may  be  %amophyllous  or  symphyllous 
['  monophyllous  ']  on  the  one  hand  ;  or,  on 
the  other  hand,  apophyllous  or  eleuthero- 
.  phyllous  ['  polyphyllous '].  It  may  be  dui- 
duous,  as  m  orchis,  or  persistent,  and  may 
then  become  accrescent  and  dry  as  in  the 
hazel-nut,  or  succulent  as  in  the  mulberry, 
r-  In  the  latter  cases  and  some  others,  as 
Rumex  and  Hippophae,  it  Ukes  an  impor- 


of  the  rim  <magjijiird), 

tant  part  in  the  formation  of  the  fruit,     [Under  this  head 
come  the  palece  and  lodicuks  of  grasses,  and  'Cnt  perigytiiwn 


SUBSIDIARY  ORGANS  OF  THE   FLOWER. 

By  subsidiary  organs  are  meant  appendages  to  the  flower 
of  various  kinds  which  cannot  be  included  either  among 
the  floral  envelopes  or  the  essential  organs  of  the  flower. 
The  ^are^a  or  paracorolla  is  a  whorl  of  leaf-like  or  fili- 
form  organs,  ollen  brightly  ccjlouied,  \Wfcrjeti!vci%  \ 
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the  perianth  and  the  stamens,  and  sometimes  attached  to 
the  one,  sometimes  to  the  other.  In  the  narcissus  (Fig. 
261)  it  is  coherent 
and  bell  -  shaped, 
while  in  the  passion- 
flower it  consists  of 
a  number  of  brightly 
coloured  hairs ;  in 
Lychnis  (Fig.  254, 
p.  132)  it  forms  a 
small  coronet  at  the 
base  of  the  rotate 
laminaof  the  corolla ; 
in  many  Boiraginefe 
(Fig.  26a)  it  consists 
of  five  scales  [or  sta- 
minodes\  which  close 
up  the  throat  of  the 
corolla-tube.  In  the 
corolla  of  Lamtum  it 
assumes  the  form  of  P'Q-  **^~S?S1?v*.E 
a  circle  of  hairs ;  in 
the  grass  of  Parnas- 
sus (Fig.  263)  it  con- 
sists of  five  leaves 
which  terminate  at 
their  apex  in  from 
nine  to  fifteen  glan- 
dular bodies.  The 
spur  (Figs.  s64,  266), 
which  sometimes  be- 
longs to  the  calyx,  : 
sometimes  to  the 
corolla,  is  also  fre- 
quently treated  as  a  subsidiary  orgati. 

The  neaaries  must  also  be  men'ciOTvei.'-m.  'Sms  <x««ABi.«s^ 
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They  are  the  part  of  the  flower  which  is  specially  con- 
structed for  the  secretion  of  honey,  but  are  in  no  sense  in- 


dependent structures.  Instances  of  nectaries  are  afforded 
by  the  shallow  pits  at  the  base  of  the  perianth-leaves  of  the 
ffO-imperial,  the  hollows  concealed 
by  scales  at  the  base  of  the  petals  of 
Ranunculus,  the  glands  between  the 
.Ijj        stamens  of  the  grape-vine  (Fig,  265), 


mwns  Irr^H 


[the  spur  of  the  columbine  and  of  many  species  of  orchis, 
the  appendages  to  two  of  the  stamens  oi  Fiolo,  &.<:,\ 
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Lastly,  we  must  also  include  under  this  head  barren 
stamens  or  stammodesy  filiform  bodies  placed  either  within 
or  without  the  perfect  stamens,  but  not  furnished,  like  them. 


Fig.  266. — Longitudinal  section  of  flower  of  larkspur,  with  spurred 
calyx  and  corolla  (magnified). 

with  anthers  at  their  apex.  Examples  occur  in  [the  female 
flowers  of]  the  bay  Lauras  nobilisy  in  lUecebruniy  Erodiuniy 
SamoluSy  [the  borage  (Fig.  262)  according  to  some],  &c. 


THE  ANDRCECIUM   OR   STAMENS. 

The  Stamens  consist,  in  theit  most  perfect  form  (Fig. 
267),  of  a  longer  or  shorter  filiform  stalk,  ihtjilament,  which 
bears  at  its  apex  the  anther. 

The  filament  usually  divides  Mi'      ^^i 

the  anther  into  two  halves,  the 
anther-lobes.  The  part  of  the 
filament  which  is  inserted 
between  the  anther-lobes  is 
called  the  connective^  and  is 

sometimes    divided   into    two  f,^.  ,6y._stamen  of  Fig.  268.- stamen 

arms,  which  are  often  greatly  if-ira^JSoSS  ISS.^tt^'h 

elongated,    and   are   either    of    connective    (magni-   \ranchmg    connect 
°  \  .  fied).  Uve  (magnified). 

equal  length,  as  m  the  horn- 
beam (Fig.  268),  hazel-nut,  alder,  biicVv,  ^xA  Kwsns.^  <3^  ^^k^^::^- 
sjonally  of  very  unequal  length,  gus  m  Sali)itt  V^\%«  '^^^^ 
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The  connective  usually  ends  with  the  anther-lobes,  and 
these  latter  are  then  placed  at  the  extremity  of  the  filament ; 
or  less  ofleD,  it  grows  beyond  the  anther,  as 
in  Paris  quadrifolia,  where  the  anther  appears 
to  be  attached  to  the  middle  of  the  stamen 


b  Ughlly  Am 


la  of    VfrftfrLa,    with 

of  very  unequal  Feneth  ;  al  :he  exlremily  of  the      ibcra  (maEnified). 

the  [iglit-hand  am  beat-         filameot  a  {magnifted). 

[or  the  violet,  where  it  forms  the  orange  tip  to  the  sta- 
mens]. Since  the  essential  part  of  the  stamen  is  \)\t  pollen, 
which  is  developed  within  the  anther,  the  filament  may  be  en- 
tirely wanting,  as  in  Orchideas,  Ver- 
bena (Fig.  271),  [and  Viola],  when 
the  anther  is  said  to  be  sessile.  In 
the  Grasses  (Fig.  270),  the  anther  is 
fixed  transversely  to  the  filament 

Of  great  importance  in  connec- 
tion widi  classification  are  the  mode 
of  attachment  and  number  of  the 
stamens,  as  well  as  the  relative 
lengths  of  the  filaments.  For  ex- 
ample, with  but  few  exceptions,  all 
Labiatje  [ScrophukriaceEe,  Verben- 
;,  Gesneracere,  Acanthacese,  and 
have  two  short  and 
\didynamous'\  stamens 
{Pigs.  3JI,  273);  all  Cniciferre  (Fig.  274)  two  short  and  four 
Jojjff  [Ufrai(ynafnous\   It  must  also  be  noiiccd'NVeiltict  all  the 
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filaments  are  distinct  to  their  base  or  not     Sometimes  the 
whole  of  the  filaments  are  united  into  a  tube  or  sheath 


\monad(lpkous\,  as  in  Malvaceje  (Fig.  275)  and  many  Legu- 

minosEe  ;  in  other  cases  into  two  bundles  \diadelphous\,  as  in 

manyLeguminosffi  (Fig. 

276) ;  or  into  a  larger 

number  \_polyadd- 

phous\,  as  in  the  orange 

(Fig.  277)  ^nAHyperi 

cum.    Again,  when  the 

filaments  are  perfectly 


Fig.  =j8  — SynRenMious  f  \G,  v\%- 
anlheis  of  iWslle  -.  VVie  tolwWc 
fiiamem  free  (maBmfiti).        tti^a 
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distinct,  the  anthers  may  be  coherent  or  united  by  their 
margins  \syngenesiotis\  as  occurs  in  Compositae  (Fig.  278). 
Occasionally,  the  anthers  are  sessile  upon  the  stigma 
[gynandrous\  as  in  Orchideae  (Fig.  279).! 

The  pollen  is  formed  in  the  cavities  of  the  anther-lobes, 
which  are  termed  loculty  and  are  most  often  two,  more  rarely 


Fig.  280.— Sta-    Fig.  281.— Sta-    Fig.  282.— Sta- 


men  of  Pinus 
sylvestris  with 
longitudinal 
dehiscence 
(magnified). 


men  of  bar- 
berry, the  an- 
ther opening 
by  recurved 
valves  (mag- 
nified). 

anther  opening  by 


men  of  Rho- 
dodendrotiy 
each  anther- 
lobe  opening 
by  a  pore. 


Fig.  283.— Sta- 
men of  bay, 
L  aunts  no- 
di/is,  with  two 
glands  at  the 
base  of  the 
filament,  the 
recurved  valves. 


Fig.  284.— Sta- 
men of  Erica, 
the  anther 

opening  by 
pores  and  bear- 
ing two  ap- 
pendages at  its 
base  (magnified). 


one  or  four  in  number,  the  anther  being  then  termed  uni- 
locular^ bilocular^  or  quadrilocular.  In  most  plants  it  con- 
sists of  minute  yellow  granules,  entirely  distinct  from  one 
another ;  less  often,  as  in  Orchideae  and  Asclepiadeae  (Fig. 

*  [As  respects  their  adhesion  or  mode  of  attachment,  stamens  are 
hypogynous  when  growing  directly  from  the  receptacle  beneath  the 
ovary  (Ranunculusy  Cruciferse) ;  perigynous  when  springing  from 
the  calyx  (Rosa^  Fuchsia)  ;  epipetalous  from  the  corolla  {Primula^ 
Lamium)  ;  epigynous-^hQH  attached  to  the  upper  part  of  the  pistil  (Um- 
belliferae,  Rubia),  With  reference  to  the  mode  of  attachment  of  the 
anther  to  the  filament,  the  former  is  basifixed  or  innate  when  attached 
by  its  base  (heath,  tulip)  ;  dorsifixed  or  adnate  when  attached  by  its 
back  (onion,  myrtXe) ;  versa/i/e,  when,  in  the  latter  case,  the  attach- 
nient  of  the  anther  to  the  filament  is  very  sVeivdw,  ^?,  \yv  most  Grasses 
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355,  p.  183),  they  are  united  into  a  waxy  mass  \ox  pollintum\. 
On  the  maturity  of  the  anthers,  they  burst  open  or  dehisce  in 
a  manner  which  is  well  defined  beforehand.  This  usually 
takes  place  by  means  of  a  longitudinal  fissiure  in  each 
anther-lobe  (Fig.  280),  longttudmul  dehiscence^  most  often  on 
the  inner  side  of  the  anther,  facing  the  pistil,  introrse^  less 
frequently  on  the  outer  side  facing  the  corolla, 
extrorse^  as  in  Irideae,  [or  precisely  at  the  side, 
lateral^  as  in  Ranwiculus\  Less  common  modes 
of  opening  are  the  dehiscence  by  recurved  valves ^ 
[when  the  side  of  the  anther-lobe  is  turned  back 
as  on  a  hinge],  as  in  Berberis  and  Laurus  (Figs. 
281,  283);  and  by  pores  (Figs.  282,  284),  as  in 
the  Ericaceae,  Polygala^  Solanum,  &c.  j  [still  less  p^^  ^g''  _  g^^ 
frequent  is  the  transverse  dehiscence,  as  in  Alche-  ^^^  o^  yacdni- 
millaA  In  some  cases,  appendages  of  a  peculiar  pendages  at  the 
structure,  of  a  leaf-like  or  glandular  nature,  are  ther. 
attached  to  the  filaments,  as  in  Viola,  the  borage,  onion,  bay, 
&c.  (Fig.  283),  or  to  the  anther,  as  in  many  Ericaceae  (Figs. 
284,  285). 

The  foliar  nature  of  the  stamens  is  especially  well  seen 
from  the  fact,  that  very  frequently — especially  in  many  so- 
called  double  flowers— \}s\t  stamens  are  converted  into 
petals;  or  occasionally  stamens  are  developed  instead  of 


Fig.  286. — Stages  of  transition  between  the  petals  and  stamens  of  Rosa  centifolia. 

petals,  as  is  often  seen  in  the  shepherd's  purse.  It  is  also 
not  uncommon  to  find  in  the  same  flower  a  gradual  transition 
between  the  sta;mens  and  petals,  as  occurs  nowaall^  \a. 
Nyn}pha?acea5  and  Rosa  centifolia  ^\%^  '^^^ 
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though  it  varies  greatly  in  form.  It  mav  be  capitate  or  button- 
shaped  (Fig.  287) ;  pmicillate  or  consisting  of  long  slender 
arms  (Fig.  291) ;  plumose  oz  feathery  i^'\%.  21)2) ;  petaloid  as  in 
Iris  (Fig.  293) ;  peltate  or  shield-hke  as  in  the  poppy  (Fig. 
294) ;  filiform  as  in  Luzula ;  papillose  or 
covered  with  papillie  (Fig.  295),  &c. 

The  interior  of  the  ovary  is  occupied  by 
one  or  more  cavities  or  loculi.  Thus  the  ovary 
of  Leguminosse  and  PrimulaceEe  is  unilocular 
{Figs,  296,  298)  ;  that  of  Scrophulariacese 
and  most  Cra6Secs  Mlocular  (Fig.  297); 
that  of  the  apple  quinquelocular,  &c 
=  Within  the  loculi  of  the  ovary  are  theoriules, 
s  the  bodies  which  ultimately  develope  into  the 
seeds.  They  are  fixed  to  certain  parts  of  the 
wall  of  the  ovary  termed  'Ca^  placentm  ;  and  are  either  sessile 
(Fig.  298),  or  are  attached  to  the  end  of  a  stalk  or  funiculus 


t,  wj.  —PapiSose  stigma  of 
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(Fig.  299).  In  a  few  cases  the  whole  of  the  interior  wall  of 
the  ovary  or  of'  the  loculi  serves  as  a  placenta,  as  in  the 
poppy ;  or  a  single  placenta  stands  in  the  centre  of  the  uni- 
locular ovary  like  a  column,  as  in  Primulacese  [when  the 
placentation  is  free  central];  more  often  certain  portions  of 
the  inner  walls  of  the  loculi,  corresponding  in  number  to  the 
carpels  and  often  projecting,  bear  the  ovules,  and  are  then 
called  parietal  placentae  [as  in  Viola  or  Ribes\ ;  [or  the  ovules 
are  attached  to  the  common  axis  of  all  the  loculi  of  a  multi- 
locular  ovary,  as  in  the  apple  or  Iris, 
when  the  placentation  is  axile.^  As  re- 
spects the  mode  of  attachment  of  the 
ovules  to  the  loculus,  they  may  be  either 
erect,  \laterar\,  qy  pendulotts. 


Fig.  399.— Ovary  oT  ihe  FiG.wo.— 1,  Onhompoui:  II.  inairopous;  111.  cam- 

B9h  ;  [be  single  Eeed  at-  pyGxropDus  ovule  :  a  nucleus  with  the  cmbryosac 

cached  to  a  laagfunicu-  colDOred  dark ;  ^primiae;  f  secundine;  tff  chalaia; 

lus,  andsiillencloKdin  /micropyle;  ^ranhe (represented diagtammaticaUy). 

If  a  section  is  made  through  the  longer  axis  of  an  ovule, 
and  the  surfaces  examined  under  a  magnifying-glass,  it  is 
seen  that  the  ovule  consists  of  a  [cellular]  nucleus  (Fig. 
300  a)  enclosed  in  a  single  or  more  usually  in  a  double  coat 
or  integument  {b,  c),  [the  outer  coat  being  designated  the 
primine,  the  inner  coat  the  sea4ndine\.  At  the  apex  of  the 
ovule  is  a  small  orifice  through  the  integuments,  called  the 
micropyle  ax  foramen  ;  [and  in  the  interior  of  the  nucleus 
is  a  large  cell  called  the  embryo-&o£\  W\'fe.Te^^i&.\.'i'>^^'^ 
ioim,  ovules  may  be  classified  \nlo  t\it&e  V\tv&^— '^^  oHVvo- 
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trc^us  (or  atropous),  in  which  the  ovule  and  nucleus  are 
straight,  and  the  micropyle  is  exactly  opposite  the  base  of 
the  ovule  (Fig.  300,  i) ;  campy lotropous,  in  which  the  nucleus 
is  curved  so  as  to  bring  the  micropyle  near  the  base  {Fig. 
300,  III)  ;andiz«i7/r<n/o«j',  where  the  ovule  is  itself  inverted  so 
as  also  to  bring  the  micropyle  near  the  base,  but  the  nucleus 
remains  straight  (Fig.  300, 11),  [The  last  is  by  far  the  most 
common  form  of  the  ovule  ;  illustrations  of  the  first  are 
afforded  by  Polygonaceae ;  of  the  second  by  Caryophyllacere. 
The  point  where  the  nucleus  and  integuments  coalesce  is 
called  the  chalaza ;  in  the  anatropous  ovule  this  is  at  the 
opposite  end  to  the  hilum  (the  part  of  the  ovule  which  is  at- 
tached to  the  placenta),  and  is  connected  with  it  by  a  fibro- 
vascular  bundle,^,  called  the  raphe\. 

THE   FRUIT. 

The  fruit  is  the  result  of  the  development  of  the  ovary ; 

but  is  usually  formed  only  after  the  fertilisation  of  the  ovules, 

and,  when  mature,  encloses  the  seeds  which  have  developed 

from  the  ovules.     Hence  the  product  of  an  inflorescence, 

such  as  a  bunch  of  grapes,  is  not  properly  a  fruit,  but  rather 

a  group  of  fruits,  each  separate  berry  or  grape  being  a 

distinct  fruit.     Collections  of  fruits  of  this  kind,  resulting 

from    the    maturity    of   inflorescences,  are 

termed  syncarps  or  multiple  fruits,  and  may  be 

j  classified  under  racemes,  spikes,  umbels,  &c 

It  is  also  not  uncommon  for  other  parts  o£ 

the  flower  besides  the  ovaiy  to  unite  with  it 

in  the  formation  of  the  so-called  '  fhiit ' ;  and 

such   similitudes   of   true   fruits   are  called 

^atp^('it,e^m^P'^^o^''rp^-     The  rose-hip,  for  example,  is 

^"^'  a  pseudocarp,  because  it  results  partly  from 

the  development  of  the  calyx-tube,  each  little  '  stone '  which 

is  enclosed  in   it  being  a  mature  ovary.     The  strawberry 

(■Fjg.  joz)  is  also  of  this  character,  the  succulent  sapid  mass 

being  a.  portion  of  the  receptacle  w\vic\i\vaa\>e,e.cim«  fleshy, 

wA/Ve  the  small  so-called  'seeds'  Yi\ucl[\ate  \m\itiiftiw\\=. 
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surface  are  the  actual  fruits.  The  apple  again  is  a  pseudo- 
carp  [here  termed  3.pome\,  the  flesh  being  mainly  developed 
out  of  the  calyx-tube,'  which  even  when  in  flower  is  adherent 
to  the  ovary.  In  the  spinach-the  perianth,  in  the  oat  the 
glumes,  take  part  in  the  formation  of  the  pseudo- 
carp.  Pseud ocarps  are  sometimes  formed 
not  of  simple,  but  of  multiple  fruits.  Thus  the  1 
mulberry  (Fig.  302)  is  a  pseudo-syncarp,  result- 
ing from  the  coalescence  of  the  bracts  with  the 
perianth ;  and  the  same  is  the  case  also  with 
the  pineapple,  the  fig  (Fig.  215,  p.  118),  the 
breadfruit,  &c. 

Additional  examples  of  the  pirticipation  of  the  calyx  ^^i^,^ 
or  of  the  perianlh  in  the  production  of  the  fruit  have 
already  been  adduced  {pp.   116,   134).     Mention  has  yet  to  be  made 
of  the  hu.-U  in  which   the  hazelnut  is  seated,   this  being  the  greatly 
1'  enlarged  perianth  ;   while  on  the  other  hand 

the   cup  or  (iipuU  of    the  oak,    beech,   and 
;t  chestnut  arises  from  a  cup.shaped  oi^an 


which  is  formed  only  after  fertilisation   between  the   ovary  and  the 
perianth,  and  produces  leaves  on  its  outer  mai^n  (Fig.  303). 

Special  reference  must  be  made  to  the  Coniferse,  in  which 

there  is  no  ovary,  but  only  naked  ovules  (Fig.  304)1  and 

which  therefore  cannot  form  a  true  fmvV-    '^'t*.  «s^^  '^ 

CoDifeiK  isan  assemblage  of  seeds  \see'9.  ■vi\A'^^'^"'^"*^" 

'  [Oi,  as  some  consider,  ot  Ae  lecep^acXe. —■£-■»  A 
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In  observing  a  fruit,  care  must  be  taVen  to  distinguish 
the  wall  of  the  cav-ity  which  encloses  the  seeds,  or 
pericarp,  which  may  consist  of  several  layers  of  a  mem- 
branous, fleshy,  or  stony  consistence  (Fig.  305).  The 
nature  of  the  outermost  layer  or  epicarp  determines  whether 
the  fruit  has  a  smooth 
appearance  hke  the 
cherry  rough  like  the 
peach  or  spmy  hke  the 
thorn  apple  (Fig  310  p 
150)  TheraLddlela)eror 
mesocarp  is  often  fleshy 
\  or  succulent  and  is  then 
I  called  the  flesh  or  iar 
c  carp  [as  m  the  peach 
or  chenj]  The  mner 
/  most  la}er  or  endocarp 
is  often  very  hard  and 
forms  the  stone  ox  puta 
mm  of  stone  fruit  i* 
encloses  the  cavities  of 
the  fmit  which  corre- 
spond to  the  loculi  of " 
li  ot  the  ovary,  and  are  still 
'""'  termed  loculr  The 
number  of  these  loculi 
generally  corresponds  to  the  number  in  the  ovajy,  although 
one  or  more  not  unfrequently  disappear  in  the  course  of  de- 
velopment. Such  a  disappearance  or  abortion  is  the  rule  in 
the  lime,  in  which  the  ovary  is  originally  quinquelocular, 
in /jfl/w  where  it  is  bilocular,  [and  the  oak  where  it  is  trilocu- 
lar],  while  in  all  these  cases  the  fruit  is  ultimately  unilocular. 
Fruits  may  be  divided  into  two  primary  classes,  dehiscent 
and  indehiscent ;  to  the  former  belong  (he  capsule  and 
ac/ihocarp ;  to  the  latter  the  drupe,  berry,  and  achena 
The  ca/side  bursts  or  dehisces  wWn  n^*,  a.Ti4  ^Wq-^s  the 
seed   to  fall  out.     If  this  splitting  taVes  v'^^  ^^^'i  ^'^  ^'^^ 
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apex  (Fig.  306),  it  is  said  to  dehisce  by  teeth ^  as  in  most 

Caryophyllaceae  ;  the  capsule  of  Lychnis  diurna^  for  example, 

dehisces  by  ten,  that  of  Githago  segetum  by  five  teeth.     If 

the  dehiscence  takes  place  right  to  the  base  of 

the  capsule  it  is  said  to  be  valvular  or  sutural, 

the  number  of  valves  depending  on  that  of  the 

placentae  or  carpels.     It  is  loculicidal  {¥\g.  307) 

when  the  walls  of  the  loculi  split  open  so  that 

the  septa  remain  attached  to  the  valves,  as  in 

Iris  or  the  lilac ;  septicidal  (Fig.  308),  when,  as 

in  Colchicuniy  the  septa  themselves  split  down  ^suie^f~/v5: 

the  middle  and  fall  off  with  the  valves  :  septi-    fj*^    dchisc- 

'      ■*  ing      by      ten 

Jragal  (Figs.  309,  3 1  o),  when  the  valves  separate    'e«th. 
from  the  septa  and  fall  off  alone,  as  in  Datura.    More  rarely 
the  upper  part  of  the  capsule  becomes  detached  in  the  form 


Fig.  307.--Diagramof  a  locu- 
licidal  capsule. 


Fig.  308.— Diagram  of  a  sep-    Fig.  309.— Diagram  of  a  sep- 
ticidal capsule.  tifragal  capsule. 


of  a  cap  or  lid,  when  the  dehiscence  is  said  to  be  transverse 
or  circumscissile,  [and  the  capsule  is  termed  2ipyxis\  as  in 
Hyoscyamus  and  Anagallis  (Figs.  311,  312).  Some  capsules 
again  dehisce  hy  pores  (Fig.  313),  as  the  poppy,  Campanula, 
&c.  [when  they  are  \.itxm^^ pore- cap sules\  Capsules  maybe 
unilocular  or  multilocular,  superior  or  inferior,  and  may  have 
free  central,  axile,  or  parietal  placentation. 

Follicle  (Figs.  314,  315)  is  the  term  given  to  a  unilocular 
capsule  which  dehisces  only  by  the  ventral  svit\M:^.    '^V^'^ 
capsule  oi  Leguminosai  [wh\c\\  is  aVwa.-^^  >x\\^QiQx5sas.  -Jixv^ 
monocarpellary,  and  dehisces  by  \30l\v  N^TCa?\  -axA  (Sss^^-^^ 
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sutures],  is  called  a  i^unu  (Fig.  316),  that  of  Cruciferse 
[which  is  always  bicarpellaiy,  the  seeds  remaining  attached 
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to  a  folse  septum  or  repluni\  a  siltqua  [when  much  longer 
than  broad,  when  only  about  as  long  as  broad,  a  siliatla 
(Kg-  317)1. 

The  schizocarp  splits  up,  when  ripe,  into  distinct  pieces, 
p  called  mericarps.  These  last  con- 

tain usually  each  a  single  seed, 
and  as  a  rule  remain  closed,  sel- 
dom opening  to  allow  the  seeds 
to  escape   in  the  manner  of  a 


capsule.     The  splitting  may  be  either  longitudinal  or  trans- 
verse.    In  the  fonner  case  the  schizocaip  may  split  into 


two  pieces,  as  occurs  in  Umbellifene  [where,  vl  U  \.«.TWifiA.  t 
cremeca/^'],  the  mericarps  sepaiating  at  vWvt  \q'««s  \aA,'4X 
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remaining  attached  at  their  apex  to  the  filiform  carpophore 
(Fig.  318),  or  in  the  maple  (Fig.  319);  or  it  may  divide 
into  three  as  in  Euphorbia  and  Tropceolum  (Fig.  320) ;  or 
into  four  as  in  Labiatse  (Fig.  321),  [where  they  are  often 

I.  II. 


Fig.  320.  —  Tri- 
partite schizD- 
earp  of  Tropceo- 
lutn. 


Fig.  321.— Quadri- 
partite schizocarp 
(carcerulus)  of 
AjugUy  consisting 
of  four  nuculesw 


Fig.  322.  —  Quinquepartite  schizocarp  of 
Geranium  robertianutn  ;  I.  the  imma- 
ture pistil :  II.  the  mature  fruit. 


called  nucules,  and  the  entire  schizocarp  a  carcerulus"] ;  or 
into  five  as  in  Geranium  (Fig.  322);  or  a  larger  number  as  in 

Malva  (Fig.  323).  A  transverse  splitting  of 
the  schizocarp  at  right  angles  to  the  axis  of 
the  flower  occurs  in  some  Leguminosae  and 
Cruciferse  of  the  suborder  Lomentacese,  where 
the  fruit  is  called  a  iomentum  (Fig.  324). 

Passing  to  indehiscent  fruits : — in  iht  drupe 
or    stone-fruit  the  various  layers   of   which 
the  pericarp  consists  develope  in  a  different 
manner,  the  mesocarp  (sarcocarp)  becoming  softer  and  more 
succulent,  the  endocarp  (putamen)  harder,  dry  and  woody, 
and  forming  the  stone  which  encloses  the  kernel.     The  con- 
sistency of  the  mesocarp,  however,  differs  greatly;  in  the 
peach,  plum,  and  cherry  (Fig.  325  i.)  it  is  very  soft  and 
succulent;  in  the  cocoa-nut  (Fig.  305,  p.  i^^y\\.\?»^TCjV3s,-j 


Fig.  323.  —  Muhi- 
partite  schizocarp 
of  Malva. 
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in  the  almond  and  walnut,  dry  and  almost  leathery.  The 
drupe  usually  contains  a  single  stone,  rarely  more  as  in  the 
medlar,  when  the  separate  sections  of  which  it  is  composed 
are  called  pyrenes  ;   it  is  usually  unilocular,  as  in  the  peach, 


almond,  arid  walnut,  sometimes  bilocular,  as  in  the  cornel 
(Fig,  325  II.)  and  coffee-berry. 

In  the  ierry  all  the  layers  of  the  pericarp  are  fleshy  and 
succulent,  as  in  the  grape,  currant,  and  gooseberry  (Fig. 
326) ;  or  the  outer  layers  are  harder,  as  in 
the  citron  and  gourd,  [the  latter  some- 
times called  a  pepo].  The  apple  is  a  berry- 
like pseudocarp. 

In  the  achene  all  the  layers  of  the  peri- 
carp are  dry  and  nearly  similar.    It  almost  p^ 
invariably  contains  only  a    single   seed,  !=ctLon  ihrough  a  goose- 

,.'         ,,        ,  .'         v^.  -     berry  i  ihe  firiner  ouier 

and  IS  usually  also  from  the  first  um-  layer  of  the  p=ricatp  m- 
locular  and  with  only  one  ovule,  as  in  [h?°seeds"'iir'imb=iWed 
Grasses  and  Composite  (Fig.  327);  less  SdIid'by"'op«''f"^'^i 
frequently  it  becomes  unilocular  in  the  riami^^'""""™' 
course  of  development,  by  the  abortion 
of  some  of  the  ovules  and  the  disaiji^ea.ta.'acft  <a^  ■sriw-s;  t^"^ 
the  JocuJj,  as  in  the  oak  and  aider.    TUe  ■5s^m.&<:k3m:^  lA'Csrfi 
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rose  contains  several  achenes.    The  fruit  of  the  ehn,  ash, 
maple,  &c.  (Fig.  319,  p.  151),  known  as  a  samara^  is  an  achene 

[or    schizocarp]    with    membra- 
\\\\\n  /uti  nous  appendages  or  wings  [which 

enable  it  to  be  carried  by  the 
wind  through  the  air].* 

THE   SEED. 

The  seed  or  mature  ovule  is 
the  organ  by  means  of  which  the 
higher  plants  are  chiefly  propa- 

F,G.   337.  -Achene  orT^sela  of    S^ted.       It   is   COUUCCted  with  the 

Centaurea  Cyanus,  ^xitxre^nA  cut  placcnta  or  part  of  the  intcmal 

through  lengthwise  (magnined).       *■  ft  I'l* 

wall  of  the  ovary  to  which  it 
is  attached  by  a  more  or  less  strongly  developed  stalk  or 
funiculus  (Fig.  326);  when  this  is  so  short  as  to  appear  to 
be  altogether  absent,  the  seed  is  said  to  be  sessile. 

The  arillus  is  an  appendage  springing  from  the  point  of 
attachment  of  the  seed  to  the  placenta  or  hilum^   from 


I. 


II 


III. 


IV. 


Fig.  328. —I.,  II.,  III.,  Development  of  the  arillus  of  the  yew;  IV.  longitudinal 

section  through  the  ripe  seed. 

whence  it  rises  up  and  envelopes  it.    In  the  ripe  seed  of  the 
willow  it  is  split  up  into  long  silky  hairs  ;  in  the  nutmeg  it 

*  [The  nut  {e.g.  hazel-nut)  and  glans  {e.g.  acorn)  are  one-seeded 
achenes  resulting  by  abortion  from  a  trilocular  ovary,  in  which  the  epi- 
carp  is  more  or  less  lignified.  The  caryopsis^  characteristic  of  Grasses, 
is  an  achene  in  which  the  membranous  pericarp  adheres  closely"  to  the 
seed ;  the  inferior  achene  of  Compositae  is  sometimes  called  a  cypsela. 
The  /ies^eruiium,  as  in  the  orange,  is  a  m\i\ulocvilar  berry  in  which  there 
is  a  remarkable  development  of  succulent  ceWsitomVYv^  exvdocw^.— ^^.\ 
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forms  the  substance  known  in  commerce  as  mace ;  in 
the  yew  (Fig.  328),  it  forms  a  drupaceous  pseudo-berry.* 
Appendages  of  other  kinds  to  the  seed  occur  in  the  form 


Fig.  329. — Winged  seed  o{  Bigttonia  Ccdalpa. 

of  wings,  as  in  Bignoniaceae  (Fig.  329),  and  Coniferae  (Fig. 
304,  p.  147),  [in  the  latter  case  the  wing  does  not  belong 
to  the  testa,  but  to  the  woody 
scale  to  which  the  seed  is  at- 
tached], or  hairs,  as  in  Pole- 
moniacese,  &c.  (Fig.  330). 

The  seed  consists  of  an 
integument  and  a  nucleus,  the 
first  being  formed  from  the 
integuments,  the  last  from  the 
nucleus  of  the  ovule. 

The      internment      consists   ^^^'  330.--Rijpe  seed  of  Efdlobjum,  with 
^  coronet  of  hairs  (magnified). 

of  an  outer  and  an  inner  layer, 

the  former  being  sometimes  called  the  testa^  and  the  latter 

the  tegnien.     In  the  walnut  the  outer  layer  is  yellow  and 


v>^-'  *-' 


Fig.  331.  — 
Smooth  seed 
ol  Aquilegia 
(magniHed). 


Fig.  332.— Re- 
ticulated seed 
of  poppy 

(magnified). 


Fig.  333. — Spiny  seed  of  Sieilaria,  entire  and 
cut  through,  both  lengthwise  and  trans- 
versely, showing  the  campylotropous  form, 
the  curved  embryo  surrounding  a  copious 
endosperm  (magnified). 


*  [The  term  aril  is,  strictly  speaking,  confined  to  a  structure  of  this 
kind  which  springs  from  the  hilum,  as  in  Passiflora^  Taxus^  Nymphcea^ 
&c.     A  similar  structure,  originating  at  or  near  the  micropyle,  as  in 
Euonymus,  Euphorbia,  Polygala,  &c. ,  is  a  false  aril  or  arillode  \  M  Ccovcs. 
the  testa,  independent  of  the  micropy\e  ox  lumd^,  ^%\w  CKcVvdomuTftv. 
f^/i?/a,  &c.,  a  siropkioie  or  canincle.  —  ^\i\ 


i  56         Structural  and  Physiological  Botany. 

bitter ;  the  inner  layer  thin  and  white.  The  testa  is  often 
leathery,  crustaceous,  or  even  stony  [as  in  the  Brazil-nut] ; 
and  is  either  smooth  (Fig.  331),  or  with  pit- like  depressions 
(Fig*  332),  or  covered  with  spines  (Fig.  333),  and  may  be 
white  or  coloured. 

The  nucleus  of  the  seed  consists  essentially  of  an  embryo^ 
in  addition  to  which  is  found  in  the  majority  of  seeds  an 
albumen  or  endosperm  (Fig.  333).  Seeds  are  therefore  dis- 
tinguished into  albuminous  dSidi  exalbuminous.  The  embryo 
in  its  simplest  form  (Fig.  334),  as  in  orchids,  Orobanche, 

Monotropa,  and  Cuscuta,  is  a  spherical  body  ; 
but  as  a  rule  consists  of  an  axis  (Figs.  97-99, 
pp.  70,  71)  and  one  or  more  leaves.  The  axis 
is  differentiated  at  its  apex  into  a  plumule, 
distinct  from  the  lower  end  or  radicle.  The 
leaves  of  the  embryo  are  in  most  plants 
very  characteristic,  and  different  in  form 
from  the  foliage-leaves  which  are  subse- 
quently developed,  and  bear  the  name  of 
seed-leaves  or  cotyledons.  They  are  some- 
times thin  and  leaf-like,  sometimes  thick 
^Imhxyo  ~^i^Pyr}i^,  ^^^  flcshy.  The  grccu  colour  which  many 
with      reticulated  cotylcdons    assumc   as   soon   as   they  rise 

testa  (magnined).  •'  .        ,  -^ 

above  the  ground  after  germination  is  only 
developed  under  the  influence  of  light ;  it  is  not  found 
while  they  are  still  enclosed  in  the  testa.  The  thicker  and 
more  fleshy  cotyledons  which  often  occupy  the  greater  part 
of  the  seed,  as  in  Leguminosae,  have  scarcely  anything  in 
common  with  the  later  foliage-leaves  of  the  plant,  and 
generally  remain  underground  after  germination.  Dependent 
on  the  number  of  cotyledons,  plants  are  divided  primarily 
into  Dicotyledones  with  two,  Monocotyledones  with  only 
one,  and  Acotyledones  [flowerless  plants],  without  any.  A 
larger  number  of  cotyledons  than  two  is  rare,  and  is  peculiar 
to   certain  Conifersd  (Fig.    335).      In  a  few  cases,  as  the 
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pea  and  bean  (Fig.  98,  p.  70),  the  embryo  contains  a  few 
other  leaves  besides  the  cotyledons. 

The  relative  position  of  the  different  parts  of  the  embryo 
requires  special  notice.  The  most  common  arrangement  is 
that  found  in  Cruciferse, 
where  the  embryo  is 
pleurorhizal^  the  cotyle- 
dons lying  flat  one  upon 
another,  and  the  radicle 
upon  the  line  which  sepa- 
rates them  (Fig.  336). 
In  the  notorhizal  embryo 
(Fig.  337),  the  radicle  hes 
upon  the  back  of  one  of  the 
cotyledons,  which  again  lie 
flat  one  upon  another.   The  fig.  335.— Em-  fig.  336.  -  pieurorWzai 

a.im\>.y^rrK   1*0  /i^/A/iVi/zio-//-   /TTio-       ^T®  ^^  Scotch      embryo  of  Lunaria ;  I. 
embryo    \^  OrtnOplOZlC   (I'lg.      fir,  with  six  coty-      transverse;  II.  longitu- 

338)  when  the  radicle  lies    ^^dons,^.  sied(ma'°?fi%°"^^**'* 

in  the  hollow  channel  of 

the  folded  cotyledons.     In  the  spiral  embryo  (Fig.   339), 


T, 


I. 


III. 


Fig.  337.— Seed  of  Neslea  paniculata  ;  I.  entire  ;  II. ,  III.,  sections  in  two  different 
directions  showing  the  notorhizal  embryo  (magnified). 


I. 


II. 


III. 


Fig.  338.— Seed  of  Entca  sativa  :  I.,  entire  ;  II.,  Fic.  339.— Spiral  embryo  of 
HI.,  sections  in  two  different  directions  showing  Bunias  Entcago  (magnified), 
the  orthoplozic  embryo  (magnified). 

the  cotyledons  are  laid  flat  upon  one  another  and  co\k.<L 
spiralJ/.     Occasionally  the  emibryo  \^  d^ov^^  'sv^wtJs., 
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The  position  of  the  embryo  in  the  endosperm  also  varies 
in  different  plants,  it  sometimes  lies  in  the  middle  of  the 
endosperm  when  the  latter  is  said  to  be  peripheric  (Fig. 
340)  as  m  Ins  sometmies  outside  it  when  it  is  said  to  be 


F        34    —  P  nph  n       Fc    3      —La   raJ  em     F  g.    m"  —  Ptripliend    em- 

g  h    «Q  ral    mbry         canadt  u  (ou^cn  fi  d).        endospctm     in      Mirabila 
a  h  pan  /(magn  ti  d)-  Jalapa  (magnified). 

Opposite  the  lateral  endospeim  {Fig  341)  ;  or  peripheric 
and  the  endosperm  central  (Fig  34  )  The  texture  of  the 
endosperm  also  vanes  greatlj  in  the  cereal  grasses  it  is 
(annaceous  or  starchy  in  the  coffee  berry  cartilaginous,  in 
the  vegetable  ivory,  Phytelfphas,  hard  and  white  like  ivory. 


CHAPTER    V. 


In  its  external  phenomena,  the  life  of  a  plant  is  in  general 
much  more  simple  than  that  of  an  animal,  because  plants 
are  [as  a  rule]  destitute  of  the  power  of  spontaneous  move- 
ment, so  that  they  Ere  compelled  to  adapt  themselves  to  the 
conditions  of  their  environment,  or  must  otherwise  perish. 

The  theory  is  founded  on  a  number  of  deliqite  experiments  which 
cannot  here  be  described,  that  all  organised  pans  of  plants  consist  of 
minute,  solid,  and  comparatively  unalterable  particles  called  moltcults, 
which  cannot,  however,  be  distinguished  by  the  most  powerful  lenses. 
TJiis  hypothesis  does  not  assume  that  the  molecules  mu.'it  always  be 
spherical ;  they  Siie  ofien,  on  the  contrary,  supposed  to  have  a  crystal- 
line  structure.     The  adjacent  moIecu\ea  ate  wA  uiiAeA\>T  an^  wJ.«l 
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connection,  but  are  isolated  one  from  another,  and  the  reason  of 
the  solid  condition  of  a  body  is  that  its  molecules  have  a  mutual  attrac- 
tion for  one  another ;  and  the  stronger  this  attraction,  the  more  firm 
and  solid  is  the  body  which  they  compose.  Every  molecule  is  in  its 
natural  state  surrounded  by  a  layer  of  water,  so  that  they  are  com- 
pletely separated  from  one  another  on  all  sides.  Within  certain  limits 
a  portion  of  their  watery  contents  can  be  removed  from  organised 
structures,  or  they  can  take  up  fresh  quantities,  without  being  thereby 
destroyed  or  killed.  Loss  of  water  or  desiccation  causes  a  contraction, 
the  absorption  of  water  .an  increase  or  swelling  of  the  body.  The 
molecules  of  one  and  the  same  organised  body  separated  by  envelopes  of 
water  always  differ  chemically,  so  that  molecules  of  a  different  chemical 
nature  are  found  in  the  midst  of  and  beside  one  another  at  every 
point  that  can  be  perceived  by  the  microscope. 


THE   MOVEMENT  OF  WATER   IN   PLANTS. 

It  follows  as  a  necessary  consequence  from  the  structure 
of  organised  bodies,  that  life  is  impossible  in  the  most 
minute  particles  of  the  plant  without  access  of  water.  The 
plant  also  requires  water  for  the  formation  of  organic  sub- 
stances out  of  the  inorganic  food-materials  which  it  takes 
up,  and  furthermore,  for  the  solution  of  solid  substances 
stored  up  in  it,  the  reserve-materials ,  which  must  be  dis- 
solved and  transported  to  other  places,  where  they  are  con- 
sumed. In  addition  to  this,  delicate  leaves,  like  those  of 
most  plants,  lose  in  a  short  time  a  considerable  portion  of 
the  water  of  their  cell-sap  by  evaporation.  In  order  to  meet 
all  these  requirements,  it  is  necessary  that  continuous  cur- 
rents of  water  should  pass  through  the  plant,  and  should 
be  directed  towards  those  parts  where  the  plant  requires  it. 
Those  currents  which  subserve  the  processes  of  nutrition 
and  growth  must  therefore  move  sometimes  in  an  ascending, 
sometimes  in  a  descending,  and  sometimes  in  a  lateral  direc- 
tion, while  that  which  serves  to  replace  the  loss  by  evapora- 
tion is  continually  ascending  from  the  roots.  The  water  ^ 
therefore,    which  is   sucked    up  "b^  \Jcve  toqX^^^'s^  '^^sw^ 


j6o  Structural  and  Physiological  Botany. 

through  the  roots  like  a  system  of  rivulets,  combining  into 
larger  streams,  and  in  the  main  stem,  in  the  case  of  Dicoty- 
ledons and  Conifers,  into  a  single  current,  in  the  case  of 
Monocotyledons  and  Ferns  into  several  ;  and  these  then 
again  ramify  like  the  stem,  and  distribute  themselves  to  the 
most  delicate  parts  of  the  leaves,  where,  in  a  manner  compar- 
able to  the  perspiration  of  animals,  the  water  again  disappears 
in  the  form  of  vapour,  by  transpiration.  It  has  been  ascer- 
tained that  in  actively  grow- 
ing plants  the  quantity  of 
water  thus  absorbed  often 
amounts  in  a  few  days  to 
many  times  the  weight  and 
volume  of  the  whole  plant. 
The  woody  parts  of  the 
vascular  bundles  serve  as 
conduits  for  this  powerful 
stream,  as  may  easily  be 
proved  in  plants  from 
v/hich  the  bark  has  been 
peeled  off,  and  whose  pith 
has  decayed,  by  causing  the 
roots  to  suck  up  a  coloured 
infusion.  The  chief  causes 
of  these  great  movements  of 
water  are  :  capillarity ,  and 
diffusion  \os>nose\ ;  but  an 
action  of  suction  may  also 
be  distinguished  from  one 
of  propulsion.  In  every 
part  of  a  plant  where  growth 
or  evaporation  is  taking 
place,  the  part  which  re- 
quires water  will  obtain  it 
from  the  surrounding  parts,  and  as  this  suction  gradually  ex- 
tends  to  larger  and  larger  circles,  fee  mQs\.  S\=.\s,va,  ■^arts,  i>. 
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in  general  the  roots,  are  at  length  compelled  to  absorb  water. 
Acting  in  conjunction  with  this  force  is  the  root-pressure. 
The  roots  absorb  a  greater  quantity  of  water  than  the  plant 
requires  \  and  this,  therefore,  exercises  a  pressure  which 
drives  the  water  that  has  been  already  absorbed  higher  and 
higher  up  the  stem  ;  and  often,  as  in  Grasses,  Aroideae,  &c., 
even  causes  it  to  exude  in  drops  at  the  margins  and  tips  of 
the  leaves.  Experiments  on  the  intensity  of  the  root-pres- 
sure, performed  by  cutting  off  the  upper  part  of  the  stem, 
and  attaching  a  manometer  to  the  section,  show  that  it  is 
sufficiently  powerful  to  balance  a  column  of  water  more 
than  ten  metres  in  height  (Fig.  343). 

The  organs  of  transpiration  are  the  leaves,  which  allow  of  the  escape 
through  their  stomata  of  the  aqueous  vapour  that  has  accumulated  in 
the  intercellular  spaces.  The  amount  of  transpiration  depends  on  the 
moisture  of  the  air,  on  the  intensity  of  light,  on  the  temperature,  on 
concussions  to  which  the  plant  is  subject,  and  on  the  age  and  size 
of  the  leaves.  It  has  not  yet  been  ascertained  how  all  these  forces 
act ;  observation  has  nevertheless  shown  that  the  stomata  are  closed 
at  night  and  open  in  the  daytime  under  favourable  circumstances,  i.e, 
when  the  atmosphere  is  not  too  moist,  and  under  the  influence  of  light 
and  warmth. 

If  the  loss  of  water  by  transpiration  from  the  leaves  is  greater  than 
the  quantity  supplied  by  the  roots,  the  conducting  parts  become 
first  of  all  deficient  in  it ;  and  when  at  length  the  evaporation  from  the 
more  delicate  organs  can  no  longer  be  compensated,  they  lose  their 
stiffness  and  hang  down  from  their  own  weight,  or  in  oUier  words 
wither.  This  condition  is  caused  at  an.  earlier  period  in  succulent 
herbaceous  plants  than  in  trees  which  possess  large  reservoirs  of  water 
in  their  stems, 

ASSIMILATION   AND   METASTASIS. 

The  life  of  the  plant  is  associated  with  a  continual  com 
sumption  of  plastic  substances,  which  are  of  service  to  it 
as  formative  materials  for  the  growth  of  cells  already  in 
existence,  and  for  the  production  of  new  ones.  A  number 
of  the  sources  of  force  in  the  plant  are  be\tv%  cwvXxcvxi'aJJc^  V^r^ 
through  these  processes,  because  maxv^  oi  >Cs\ss»^  ^qtcck^c^^ 

M 
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substances  then  cease  to  exercise  their  chemical  influence  on 
one  another.  If  the  plant  is  not  to  peiish  from  the  deficiency 
thus  occasioned  of  formative  materials  and  of  sources  of  force, 
or,  as  it  were,  to  be  starved,  it  must  be  supplied  with  nutrient 
substances,  />.  with  chemical  compounds  which  contain  the 
substances  that  it  requires.  Only  in  comparatively  few  cases 
is  a  chemical  compound  absorbed  into  the  plant  which  will 
be  useful  to  it  without  change ;  as  a  rule,  it  is  only  the  separate 
elements  which  are  indispensable,  and  are  on  that  account 
taken  up  out  of  their  compounds.  Those  elements  which 
are  indispensable  for  the  entire  processes  of  vegetation  are 
called  the  nutrient  substances  of  the  plant. 

If  we  pass  in  review  the  elements  which  play  this  part 
in  the  vegetable  kingdom,  we  find  that  the  list  comprises 
carbon,  oxygen,  nitrogen,  hydrogen,  and  sulphur,  because  these 
enter  into  the  composition  of  protoplasm,  and  are  conse- 
quently necessary  for  the  formation  of  every  vegetable  cell. 
To  them  must  also  be  added  iron,  calcium,  potassium,  magne- 
sium, and  phosphorus,  because  no  instance  is  at  present 
known  of  a  plant  retaining  its  normal  state  of  health  if  de- 

•  prived  of  any  one  of  these  elements.  Sodium  and  chlorine 
must  also  probably  be  included.  In  addition  to  these  uni- 
versally distributed  nutrient  materials,  the  growth  of  some 
plants  is  also  dependent  on  the  presence  of  other  special 
elements  ;  although  we  have  no  exact  knowledge  of.  the 
part  which  they  play,  and  are  unable  to  state  positively  that 
they  are  indispensable.  Thus  Viola  calaminaria  and  some 
other  plants  always  contain  zinc,  and  will  only  grow  on 
soil  which  contains  that  element. 

The  organ  by  means  of  which  the  nutrient  substances 
are  taken  up  is,  in  the  lower  plants,  the  entire  surface ;  in 
the  higher  plants  this  function  is  specially  assigned  to 
the    root,    which    is    constructed   for    this    purpose.      In 

■  the  case  of  roots  which  penetrate  into  the  soil,  only  the 
youngest  parts,  with  their  delicate  root-hairs  and  papillae, 

can  perforin  this  function  )  "but  in  t\v^  a^x\a\.  xoo\s  of  some 
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plants,  which  are  provided  with  a  great  number  of  hairs  or 
with  a  root-sheath,  the  whole  surface  of  the  root  appears  to 
possess  the  power  of  absorbing  nutrient  substances  in  the 
form  of  vapour. 

In  addition  to  the  roots,  the  higher  plants  possess  also 
in  the  leaves  organs  which  are  adapted  for  the  absorption  of 
nutrient  substances  in  a  gaseous  condition.  But  experimental 
observation  has  shown  that  the  leaves,  even  under  favourable 
circumstances,  do  not  absorb  fluid  nutriment,  either  in  the 
form  of  drops  or  of  vapour,  so  as  to  carry  it  to  the  other 
parts  of  the  plant.  ^ 

Since  the  nutrient  substances  must  pass  through  the 
closed  walls  of  the  cells  in  order  to  reach  their  interior,  it 
follows  that  they  must  be  present  in  a  dissolved  fluid  or 
gaseous  form.  They  are  then  received  into  the  cells 
adapted  for  this  purpose  by  means  of  osmose,  since  there 
are  in  general  two  fluids,  the  cell-sap  and  the  water  ab- 
sorbed from  the  soil,  capable  of  mixing  with  one  another,  and 
separated  only  by  the  permeable  cell-wall.  The  absorption 
of  nutriment  is,  therefore,  only  a  mixing  of  two  fluids  of 
different  densities. 

The  terms  osmose^  diosmoscy  and  diffusion  have  been  given  to  the 
mingling  of  fluids  through  a  permeable  partition-wall,  i.e.  one  which 
has  no  visible  perforations.  If,  for  example,  a  vessel  closed  below  by 
an  animal  membrane  (Fig.  344  b)  is  filled  with  a  concentrated  solution 
of  cupric  sulphate  (blue  vitriol),  and  is  then  immersed  in  a  vessel  filled 
with  water  («),  the  water  will  pass  gradually  through  the  bladder  into 
the  vessel  b^  and  the  fluid  will  rise  in  a  tube  r  attached  to  it,  while  the 
level  at  n  falls.  If,  on  the  contrary,  the  cupric  sulphate  were  placed 
outside,  and  the  water  within  the  vessel  ^,  the  fluid  would  fall  in  the 
tube  r,  while  the  level  n  would  rise.  In  both  cases  a  small  quantity  of 
the  cupric  sulphate  also  passes  through  the  bladder  into  the  water,  as 


'  [An  exception  to  this  law  seems  to  exist  in  the  case  of  the  *  car- 
nivorous plants'  on  whose  habits  Mr.   Darwin  has  thro\vn  so  much 
light,  such  as  Drosera^  Pinguiculay  and  Nepenthes,  which  appear  to 
have  the  power  of   absorbing  nitrogenous  subsl^.wct's*  \!wtQt\\j^  ^€«. 
leaves,  and  digesting"  ih&m  within  their  lissu^^. — ■"Eii.^ 
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come  into  intimate  contact  with  all  the  unevennesses  of  the 

adjacent  solid  particles,  and  afterwards,  by  the  hardening  of 

the  membrane,  actually  unite  with  them 

(Fig.  345).     And  since  experiment  has 

shown  that  the  cell-sap  is  almost  always 

acid,  its  passage  into  the  ground  causes 

the  particles    of    soil  with   which  the 

root-hairs  have  united  to  be  gradually 

dissolved  at  the  points   of  union,   so 

that  they  can  then  be  taken  up  into  the 

plant 

The  mode  of  nutrition  oi parasites  is 
different  from  this.  The  roots  of  the 
more  highly  organised  parasites,  such 
as  the  mistletoe  and  the  broom-rape, 
Orobanche,  penetrate  into  another  plant 
which  is  termed  their  host  (Fig.  346), 
and  take  up  from  it  nutrient  substances 
which  have  already  been  to  a  certain 
pxtent  assimilated.  The  lower  parasites,  such  as  certain 
Fungi,  on  the  other  hand,  pierce  by  their  cells  the  mem- 
branes of  other  cells,  in  order  to  live  in  and  on  them 
(Fig.  347)-  The  mode  of  absorption  of  food-material  and 
of  the  nutrition  of  saprophytes  [or  plants  which  hve  on 
decaying  organic  substances],  such  as  Moiwtropa  Hypo- 
pitys  and  certain  OrchideK,  is  still  in  doubt.  The  charac- 
teristic of  these  plants  is  that  their  absorptive  organs  take 
up  certain  products  of  the  decomposition  of  organic  sub- 
stances, termed  humus,  and  bring  them  again  into  requisition 
for  nutrition,  after  undergoing  some  change. 

Plants  do  not  absorb  the  nutrient  substances  which  are 
adapted  to  them  unless  presented  to  them  in  a  suitable  form ; 
they  do  not  for  example,  imbibe  the  free  nitrogen  of  the 
atmosphere.  Experiments,  into  the  details  of  which  we  cannot 
enter,  have  given  on  this  point  the  following  "tft^^te -. — 

The  source  of  the  carbon  in  t\iose  ^'te.'M.?.  "N^ii.^  «stosksi. 
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chlorophyll,  and  which  are  not  parasitic,  is  mainly,  if  not 
exclusively,  the  absorption  of  carbon  dioxide  (carbonic 
acid  gas)  by  those  parts  which  contain  chlorophyll,  and  its 
decomposition  under  the  influence  of  light,  the  carbon 
being  retained  and  the  oxygen  again  given  off.  It  is  in- 
disputable that  in  certain  cases  the  humus  can  also  con- 
tribute a  supply  of  carbon  for  the  nutrition  of  the  plant ; 
but  the  fact  that  in  a  soil  which  has  not  been  affected  by 
cultivation,  as  in  a  primeval  forest,  the  stratum  of  humus 
does  not  diminish,  but  rather  constantly  increases,  notwith- 
standing its  continual  decay  and  its  consumption  by  plants 
and  animals,  shows  that  a  much  greater  quantity  of  carbon 
must  be  derived  from  the  atmosphere  than  from  the  soil. 

Hydrogen^  which,  like  carbon,  is  present  in  every  organic 
compound,  enters  into  non-nitrogenous  combinations  only 
through  the  decomposition  of  water ;  in  those  which  con- 
tain nitrogen  possibly  also  by  the  absorption  of  ammonia. 

Oxygen  is  taken  up  into  plants  along  with  the  elements 
already  mentioned,  the  substances  in  which  they  occur 
being  of  such  a  nature  that  a  large  portion  of  their  oxygen 
must  be  given  off  before  they  can  be  of  any  further  use  to 
the  plant.  The  decomposition  of  the  carbon  dioxide  of 
the  atmosphere  is  a  remarkable  illustration  of  this.  But,  not- 
withstanding this  excess  of  oxygen  in  the  plant,  the  oxygen 
of  the  atmos'phere  is  also  absorbed;  not,  however,  in  order 
to  form  a  part  of  any  permanent  compound,  but,  on  the  con- 
trary, in  order  to  decompose  the  substances  contained  in  the 
plant,  to  deprive  them  of  at  least  a  part  of  their  carbon,  and 
to  be  again  evolved  as  carbon  dioxide.  This  process,  the 
true  respiration  of  plants,  is  very  important  3  since  it  is 
always  taking  place  in  all  living  cells  without  exception ; 
and  the  action  of  the  inhaled  oxygen  is  a  necessary  con- 
dition of  the  life  of  the  protoplasm,  and  therefore  of  the 
plant.  In  relation  to  this,  the  experimental  fact  is  of  the 
greatest  importance,  that  plants  placed  in  pure  carbon  di- 
oxide are  su/focated,  just  as  ammaXs  aii^.    \tv  ^o\s\fc  ^^^^-^^^'^^ 


1 68  Striictitral  and  Physiological  Botany. 

and  inflorescences,  the  production  of  carbon  dioxide  by  the 
inhalation  of  oxygen  is  very  energetic ;  and  since  the  radia- 
tion of  the  heat  produced  by  the  oxidation  is  in  these  cases 
insignificant,  from  the  surface  being  comparatively  small 
or  the  parts  protected  by  enveloping  sheaths,  very  con- 
siderable elevations  of  temperature  can  be  obser\'ed.  At 
the  time  of  the  fertilisation  of  the  spadices  of  Aroideae,  an 
elevation  of  temperature  amounting  to  as  much  as  io°  C. 
has  been  detected  \  and  in  the  flowers  of  Cucurbitaceae  and 
of  Victoria  regia  similar  elevations  have  been  observ^ed, 
though  to  a  smaller  extent.  Respiration  is  a  process  dia- 
metrically opposite  to  the  process  of  assimilation  which  takes 
place  in  the  cells  that  contain  chlorophyll,  and  which  con- 
sists in  the  absorption  and  subsequent  decomposition  of 
carbon  dioxide,  although  this  latter  has  also  been  described 
under  the  same  name,  a  use  of  terms  as  incorrect  as  if  we 
were  to  speak  of  an  animal  inhaling  its  food. 

The  free  nitrogen  of  the  atmosphere  enters  the  plant 
through  the  stomata,  and  also  by  the  process  of  osmose,  but 
does  not  serve  for  nutrition  ;  for  the  purpose  of  nutrition  this 
element  must  be  presented  to  the  plant  in  the  form  of  nitric 
acid  or  of  an  ammoniacal  salt.  Whether  non -parasitic 
plants  absorb  nitrogen  also  in  the  form  of  certain  organic 
compounds  is  still  undetermined. 

The  only  conceivable  source  of  sulphur  is  the  sulphuric 
acid  of  the  sulphates  present  in  the  soil.  It  probably  enters 
the  plant  only  in  the  form  of  calcium  sulphate,  which  is  de- 
composed by  the  oxalic  acid  formed  in  the  plant  itself;  this 
being  the  source,  on  the  one  hand,  of  the  calcium  oxalate, 
which  so  commonly  occurs  in  plants  [in  the  form  of  raphides], 
while  on  the  other  hand  the  sulphuric  acid  gives  up  its  sulphur 
in  the  production  of  protoplasm  and  generally  of  albuminoids. 

It  is  evident  that  the  remaining  nutrient  substances  can 

only  enter  the  plant  by  the  process  of  diffusion,  and   in 

general  in  the  form  of  soluble  salts ;  but  their  relations  to 

j^e  life  of  the  plant  are  still  obscuie,    ^'\V\v  \^%;yxd  to  iron 
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we  can  form  some  judgment,  since  we  know  that  its  pre- 
sence is  necessary  for  the  production  of  chlorophyll.  Plants 
which  grow  in  soil  destitute  of  iron  do  not  become  green, 
but  remain  bleached  or  etiolated  until  enabled  to  do  so  by 
the  addition  of  iron  to  the  soil;  though  it  is  doubtful  whether 
chlorophyll  contains  iron  as  one  of  its  essential  ingredients. 
Since  etiolated  plants,  owing  to  the  absence  of  chlorophyll, 
are  unable  to  absorb  carbon  dioxide,  they  can  live  only  for 
a  short  time,  and  soon  perish.  The  salts  of  iron  present  in 
the  soil  afford  the  necessary  supply  of  this  element  for 
vegetation.  Phosphoric  add  appears  to  stand  in  a  certain 
relation  to  the  production  of  albuminoids,  or  at  least,  is  in- 
variably found  in  association  with  them  ;  and  in  many  seeds 
there  is  a  constant  relationship  between  the  weight  of  the 
phosphoric  acid  and  that  of  the  nitrogen  contained  in  them. 
With  respect  to  potassium^  similar  general  relationships  to 
starch,  sugar,  and  cellulose  are  not  improbable ;  and  it 
is  known  that  the  amount  of  potassium  in  any  part 
of  a  plant  varies  with  the  rapidity  and  energy  of  its  growth. 
But  in  what  form  phosphoric  acid  and  potassium 
enter  the  plant,  and  what  their  special  functions  are,  is 
still  unknown.  In  the  case  of  buckwheat,  it  has,  how- 
ever, been  ascertained  that  food-material  destitute  of 
potassium  cannot  be  assimilated  or  transformed  into  organic 
substances;  and  that  the  chloride,  and  next  to  that  the 
nitrate,  are  the  salts  best  adapted  for  the  purpose.  Silicic 
acid,  which  constitutes  the  greater  part  of  the  ash  in  many 
plants,  as,  for  instance,  the  stems  of  cereals,  cannot  be 
considered  a  nutrient  substance  in  the  same  sense  as 
those  already  desci  ibed ;  since  it  has  been  proved  by  ex- 
periment that  it  is  not  absolutely  necessary  to  the  growth  of 
these  plants,  and  its  presence  appears  to  be  only  a  favour- 
able condition  to  their  perfect  development.  Nothing  more 
definite  is  known  respecting  it. 

If  plants  are  grown  in  fluids  which  contaAxv  ^\k.  xkv'^  'sS^- 
stances  xiecessary  for  their  life,  it  is  fo\md  XJcv^X  \icv^%^  'scic>- 
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stances  are  not  taken  up  in  quantities  dependent  on  the 
concentration  of  the  fluid,  nor  on  the  proportion  of  the 
various  substances  contained  in  it ;  but  that  different  species 
of  plants,  on  the  contrary,  supply  their  needs  from  the  same 
fluid  in  different  ways.  In  consequence  of  this  pheno- 
menon, which  depends  on  causes  at  present  unknown,  a 
quantitative  *  selective  power '  has  been  ascribed  to  plants. 
Since  plants  possess  no  volition,  the  term  is  an  unfor- 
tunate one  ;  but  it  seems  necessary  to  retain  it,  notwith- 
standing its  ambiguity,  since  no  better  one  has  been  sug- 
gested. With  reference  to  the  peculiarity  that — setting 
aside  nitrogenous  food-materials — different  species  take  up 
in  preference  different  nutrient  substances,  plants  may  be 
distinguished  as  calcareous,  alkaline,  siliceous,  &c.  Legu- 
minosae,  for  example,  are  specially  dependent  on  lime,  pota- 
toes and  turnips  on  potash,  all  plants  in  which  the  seed 
is  remarkably  developed  on  phosphoric  acid,  cereals  and 
grasses  generally  on  silica,  &c. 

The  cultivation  of  crops  withdraws  from  the  soil  immense  quantities 
of  substances ;  so  that  sooner  or  later  the  moment  must  arrive  when  the 
produce  will  diminish,  and  at  length  altogether  cease,  unless  those 
constituents  of  the  soil  which  the  crops  have  withdrawn  from  it  be 
replaced.  The  object  of  the  agriculturist  must  therefore  be  so  to 
work  his  ground  that  the  soil  never  becomes  exhausted,  but  that  he 
shall  constantly  obtain  abundant  crops  and  an  adequate  interest  on  his 
capital,  the  soil.  There  are  two  modes  of  securing  this  :  by  a  carefully 
selected  succession  of  different  crops,  and  by  manures.  He  must  of 
course  in  addition  depend  on  a  suitable  mechanical  working,  loosen- 
ing, and  irrigating  of  the  ground. 

In  consequence  of  the  selective  power  of  plants,  a  succession  of  a 
number  of  crops  of  an  alkaline  plant  causes  the  soil  to  become  for  a 
time — and  at  length  when  all  the  alkalies  have  been  consumed,  per- 
manently— unproductive  for  plants  of  this  description.  But  while  the 
alkaline  plant  has  the  power  of  withdrawing  an  unusual  proportion  of 
alkalies  from  the  soil,  it  leaves  all  the  other  nutrient  substances  com- 
paratively untouched.  These  substances  therefore  accumulate  in  the 
soi\,  the  small  consumption  of  them  being  outweighed  by  the  decom- 
posing  influence  of  the  atmosphere,  which  is  constantly  reducing  to  a 
soluble  condition  small  quantities  oi  sov\,  axA  XJnxxs  tea^^tvcv^\jM:\x  ^qw- 


The  L  ife  of  the  Plant  1 7 1 

stituents  available  for  nutrition.  The  substances,  which  are  thus  made 
available  for  the  plant  are  retained  by  fertile  soils/  and  thus  their  solu- 
tion by  rain,  &c.  ensured  for  at  least  a  sufficient  time  for  the  whole  of 
the  soil  to  become  completely  saturated  by  them.  It  is,  therefore, 
essential  to  good  agriculture  that  the  crop  of  the  alkaline  plant 
should  be  followed  by  one  of  another  kind,  say  a  siliceous  plant ;  and 
thus  a  well-chosen  succession  of  different  crops  will  remove  from  the 
soil  one  substance  after  another.  This  rotation  must  be  continued 
until  the  substances  first  withdrawn  are  restored  in  such  proportion  and 
distribution  that  the  same  series  of  crops  may  again  be  grown.  In 
former  times  the  influence  of  the  atmosphere  on  the  soil  was  utilised 
by  cultivating  only  a  portion  of  the  soil,  the  rest  being  left  untilled  or 
fallow;  but  it  is  now  acknowledged  that  this  mode  of  agriculture  is  not 
economical.  In  those  districts  where  it  pays  to  cultivate  large  tracts  of 
land,  no  considerable  portion  is  now  left  fallow ;  but  the  object  is,  by 
a  good  rotation  of  crops,  to  use  up  as  equally  as  possible  all  the  con- 
stituents of  the  soil.  Even  under  the  best  system  of  agriculture,  how- 
ever, the  soil  must  become  gradually  exhausted,  and  this  exhaustion 
must  be  artificially  counteracted.  This  purpose  is  effected  by  a 
scientific  system  of  manuring,  by  which  those  substances  are  supplied 
to  the  soil  of  which  it  has  most  need.  AcccMrding  to  circumstances  the 
most  various  organic  and  inorganic  substances  may  be  employed  as 
manures.  If,  for  example,  there  is  a  deficiency  of  nitrogenous  sub- 
stances, an  addition  of  nitrates  or  guano  is  made.  We  cannot  here 
enter  further  oft  the  physical  changes  in  the  constitution  of  the  soil, 
often  so  advantageous  or  even  indispensable  to  vegetation,  caused  by 
the  rotation  of  crops  and  by  manuring.  In  Sicily  and  Asia  Minor, 
once  *  the  granary  of  Rome/  in  Campania  and  Spain,  at  one  time  so 
fruitful,  we  have  the  most  sad  and  instructive  examples  of  the  exhaus- 
tion of  the  soil.  Care  must  on  the  other  hand  be  taken  not  to  impart 
to  the  soil  such  substances  as  are  injurious  to  vegetation.  Manuring 
with  chlorides  such  as  sodium  chloride  (common  salt),  for  example, 
while  increasing  the  weight  of  root-crops,  has  a  decidedly  injurious 
effect  on  their  quality. 

The  nutrient  substances  taken  up  by  plants  are,  how- 
ever, by  no  means  adapted,  in  the  raw  state,  to  take  part  in 
the  construction  of  any  vegetable  structures  ;  they  must,  on 

*  It  has  not  yet  been  ascertained  whether  this  is  brought  about  b^ 
attraction,  or  by  decomposition  and  UaivsiorcQaJOvoxv  mXa  ^xisssx  ^«^^&>.« 
■pounds. 
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the  contrary,  undergo  important  transformations,  and  be- 
come changed  into  oiiganic  compounds  suitable  for  nutrition. 
TThis  process  of  assimilation  may  be  compared  to  the 
digestion  of  food  by  animals,  i,e.  to  its  conversion  into 
blood  ;  but  still  differs  greatly  from  that  process,  since  the 
animal  takes  up  organic  compounds  already  existing  as  such, 
which  have  only  to  undergo  change,  while  plants  have  to 
construct  more  highly  complicated  out  of  simpler  com- 
pounds, or,  possibly,  even  out  of  their  constituent  elements. 
The  fact  that  the  compounds  which  are  absorbed  into  the 
plant  are  usually  very  rich  in  oxygen,  while  the  substance  of 
the  plant  itself  contains  only  a  small  proportion  of  that  ele- 
ment, shows  that  assimilation  must  be  a  process  of  deoxidation 
or  of  elimination  of  oxygen.  It  can,  therefore,  take  place 
only  in  those  cells  which  contain  chlorophyll,  and  under 
the  influence  of  light ;  because  it  is  only  in  those  parts  of 
the  plant,  and  only  under  the  action  of  sufficient  light,  that 
oxygen  is  given  off.  The  leaves  are,  therefore,  the  principal 
organs  of  assimilation. 

It  is  not  at  present  possible  to  follow  step  by  step  the 
process  of  assimilation ;  it  seems  to  depend  mainly  on  the 
following  forces  :  (i)  the  evaporation  of  the  water  contained 
in  the  nutrient  sap  by  transpiration  ;  (2)  the  decomposition 
of  carbon  dioxide  and  the  fixation  of  carbon  ;  (3)  the  for- 
mation of  albuminoids  which  are  essential  for  the  produc- 
tion of  protoplasm  and  chlorophyll ;  (4)  the  formation  of  the 
substances  from  which  cellulose  is  produced,  viz,  starch,  the 
different  kinds  of  sugar,  oil,  and  inulin. 

Since  the  growth  of  plants  can  take  place  only  at  the 
expense  of  assimilated  substances,  it  is  of  the  highest  im- 
portance that  a  number  of  the  products  of  assimilation 
should  be  transported  from  the  places  where  they  are  pro- 
duced, and  made  to  take  their  part  in  the  vital  processes  of 
the  plant ;  and  they  have  therefore  to  be  stored  up  at  cer- 
tain  points,  in  order  to  serve,  astequked,  as  reserve-materials* 
Some  of  these  reserve- materials  aie,  fox  exaxw^X^^  ^%^\i  ^^ 
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solved  in  the  spring  at  the  commencement  of  the  period  of 
vegetation,  and  then  employed  in  the  production  of  new 
organs,  especially  the  leaves. 

The  decomposition  of  the  carbon  dioxide  contained  in  the  atmosphere 
is  the  main  source  of  the  carbon  required  for  building  up  the  tissues  of 
plants.  Only  those  cells  which  contain  chlorophyll,  and  then  only  under 
the  influence  of  sunlight,  have  the  power  of  decomposing  the  carbon 
dioxide  which  they  take  up,  and  of  producing  organic  compounds  out 
of  its  elements  and  those  of  water,  with  elimination  of  an  equal  volume 
of  oxygen,  or  in  other  words  of  assimilating.  It  is  highly  probable  that 
in  this  process  the  carbon  dioxide  loses  only  one  half  of  its  oxygen,  the 
other  half  of  the  oxygen  which  is  evolved  resulting  from  the  decompo- 
sition of  water.  It  is  only  living  chlorophyll  that  has  the  power  of  de- 
composing the  carbon  dioxide  ;  and  in  general  both  sides  of  the  leaf  take 
part  in  this  process,  though  with  different  energy.  Light  and  heat  are 
absolutely  necessary  for  it ;  a  small  deficiency  of  heat  may  be  compen- 
sated  by  more  intense  light,  but  there  are  limits  which  cannot  be  passed 
(see  Fig.  373,  p.  213).  Plants  which  do  not  contain  chlorophyll  have  no 
power  of  decomposing  carbon  dioxide,  and  hence  of  assimilating ;  they 
must  therefore  obtain  their  nutriment  from  substances  already  assimi- 
lated; and  hence  grow  either  on  or  in  animals  or  other  plants  as  parasites, 
and  obtain  their  nutriment  from  them,  or  live  [as  saprophytes]  on 
organic  substances  actually  undergoing  decomposition,  and  absorb  their 
organic  constituents  before  they  are  completely  decomposed. 

The  mode  of  formation  of  albuminoids  is  still  unknown  ;  it  has  not 
even  been  accurately  ascertained  at  what  spot  they  are  produced.  The 
most  probable  solution  is  that  they  are  formed  at  those  spots  where 
calcium  oxalate  is  stored  up,  because  this  salt  is  formed  by  the  decom- 
position of  calcium  sulphate,  the  sulphur  of  which  passes  over  into 
the  albuminoids  (See  p.  168). 

Neither  is  it  yet  known  how  cellulose  is  formed,  although  access  of 
atmospheric  oxygen  appears  essential  to  its  production.  It  is  tolerably 
certain  that  starch,  sugar,  inulin,  and  oil  are  the  materials  out  of 
which  the  protoplasm  constructs  the  cell-wall ;  at  least  substances  of  this 
description  which  are  stored  up  in  the  cells  always  disappear  when  an 
energetic  formation  of  cellulose  is  going  on. 

Starch  is  invariably  formed  originally  within  the  grains  of  chlorophyll. 
Light  is  necessary  for  this  ;  but  the  very  small  intensity  of  light  which 
suffices  for  the  formation  of  chlorophyll  is  not  sufficient  for  that  of  starch 
or  of  the  drops  of  oil  which  sometimes  replace  \1.    \tv  ^vtt^  ^^okv^xsnr. 
starch  is  prcxiuced  in  the  green  parts  oi  -  p\axi\s  «Jffs\osX  ^  ^^  ^^^ 
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moment  ia  which  the  rays  of  light  fall  upon  them  ;  and  in  diffused 
daylight  afiei  a  short  time.  Plants  grown  in  the  dark,  and  therefore 
etiolated,  develope  chlorophyll  first  when  exposed  to  light,  and  then 
starch  in  the  chlorophyll -grains.  In  the  dark,  starch  is  transformed  into 
other  nearly  related  but  soluble  substances,  such  as  sugar,  dextrin,  &c. , 
which  become  distributed  through  the  whole  plant,  and  is  again  fixed  in 
the  form  of  starch  as  a  reserve-material  at  particular  places,  as  in  the  grains 
of  cereals,  the  tubers  of  the  potato,  &c.  Whether  or  to  what  extent  the 
nitrogenous  constituents  assist  in  these  processes  is  still  unknown. 

The  processes  of  life  cannot  be  conceived  as  going  on, 
even  in  unicellular  plants,  without  a  continual  movement  of 
those  substances  which  are  necessary  to  their  life.  In  the 
most  simply  organised  plants  these  processes  are  simple, 
but  become  more  complicated  as  we  ascend  in  the  scale. 

The  direction  in  which  the  assimilated  substances  move 
varies  according  to  the  vital  needs  of  the  plant.  They  can 
be  transported  from  the  places  where  they  are  formed 
directly  to  those  where  they  are  required,  or  to  reservoirs  of 
reserve-material^  where  they  are  stored  up  until  they  are 
again  carried  to  the  parts  where  they  are  consumed.  Hence 
perennial  plants  have  their  chief  reservoirs  in  their  stems, 
rhizomes,  bulbs,  or  tubers ;  while  those  which  do  not  bear 
fruit  more  than  once  have  the  greater  part  of  their  assimi- 
lated substances  stored  up  in  their  seeds. 

It  may  be  taken  as  nearly  certain  that  in  plants  higher 
in  the  scale  than  Mosses,  in  most  if  not  in  all  cases,  the 
transport  of  the  assimilated  nutrient  sap  takes  place  through 
two  forms  of  tissue.  The  soft-bast  is  chiefly,  though  not 
exclusively,  the  conducting  tissue  of  the  albuminous  muci- 
laginous alkaline  compounds  ;  while  the  parenchyma,  both 
of  the  cortex  and  of  the  pith,  is  the  chief  agent  in  the  con- 
duction of  non-nitrogenous  substances,  such  as  starch,  sugar, 
inulin,  oils,  and  acids.  The  laticiferous  and  the  utricular 
vessels  also  contain  reserve-materials  of  a  different  kind, 
which  can  be  made  use  of  when  required  ;  but  the  move- 
ment  of  the  fluids  contained  in  them  is  more  sluggish  than 
in  a  small-celled  tissue. 
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The  experimenls  of  Hansfein  were  the  first  to  prove  this  piint. 
From  Ihe  cut  branches  of  various  dicotyledonous  plants  he  removed, 
above  the  cut  surlace,  a  circular  piece  of  bark,  and  then  placed  the 
branch  in  water.  The  result  was  that  in  those  species  which  possess  no 
isolated  vascular  bundles,  no  cambium  cells,  and  no  sieve-tubes  in  the 
medullary  sheath,  no  rools  sprang  from  below  the  place  from  which  the 
bark  had  been  removed,  or  at  least  very  few  in  proportion  to  the  si7eof 
the  piece  of  bark  below;  while  above  that  part  a  lai^  number  of  strong 
roots  were  formed  (Fig.  348).  In  those  plants,  on  the  other  hand,  like 
Mirabilis  Jalapa  and  Amaranlhu! 
sanguiiiaa,  which  have  isolated 
vascular  bundles  in  the  pith,  or, 
like  Nerium  Oleander  and  Solanum 
Dulcamara,  cambium-bundles  or 
sieve-tubes,  an  abundance  of  roots 
were  formed  even  below  the  part 
where  the  bark  had  been  re- 
moved. The  conclusion  is  un- 
avoidable that  substances  essential 
lo  nutrition  are  conducted  only 
through  the  elongated  cambium- 
or  »eve-1ube  cells.  In  these  cetl- 
bundles,  however,  non -nitrogenous 
substances  occur  only  exception- 
ally, that  is  only  a1  periods  when 
lai^e  quantities  must  be  trans- 
ported in  a  short  time  ;  and  in 
many  plants  ihey  are  never  found 
there.  The  conclusion  may  hence  yic  34B,— , 
be  drawn  that  other  groups  of  cells  "■■"'  1"^ 
besides  the  elongated  ones  also  taaavix 
take  part  in  the  transport  of  the 
assimilated  sap  ;  and  these  are  most  probably  certain  groups  of  paren- 
chymatous cells  which  are  distinguished  by  containing  very  fine-grained 
starch,  and  which  can  be  recognised  at  once  by  this. 

It  follows  from  what  has  been  said  that  the  old  view  of  an  ascending 
.sap  in  the  spring  and  s.  descending  current  in  the  autumn,  must  be 
modified  ;  that  the  sap  certainly  rises  in  the  spring  after  the  close  of 
the  winter's  period  of  rest ;  but  that  this  ascending  current  continues 
through  the  whole  period  of  growth,  as  does  also  the  descending 
current ;  and  that,  as  need  arises  in  the  plant,  horiionWl  n-it^tMs.  t&o 
p*ss  throufi'Ii  its  tissues.    The  old  corapiiiaott  ^jA-wem  **  6.t<3i«iMro- 
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of  Ihe  blood  in  animals  and  that  of  the  sap  in  plants  must  therefore  be 
entirely  abandoned. 

If  now  we  inquire  what  are  the  causes  of  the  movements  of  the 
assimilated  nutrient  sap,  it  is  impossible  to  give  a  definite  answer, 
because  the  action  of  organised  and  living  protoplasm  introduces  inde- 
terminable factors.  It  may,  however,  be  assumed  that  the  law  of 
diffusion  in  its  widest  sense  is  one  cause  of  these  currents.  The  move- 
ment in  cells  enclosed  on  all  sides  is  brought  about  by  two  causes  :  the 
force  of  osmose  and  the  tension  of  the  tissues ,  that  is  the  force  exercised 
on  the  conducting  cells  by  the  surrounding  ones.  The  movement  of  the 
sap  can  take  place  more  readily  in  intercommunicating  tubes  than  in 
closed  cells,  as  is  seen  in  laticiferous  vessels  and  sieve-tubes.  Thus,  for 
example,  in  the  celandine,  Chelidonium  majus,  the  slight  rise  in  tem- 
perature caused  by  the  approach  of  the  hand  at  the  distance  of  an  inch 
is  sufficient  to  cause  a  current  of  latex  towards  the  colder  parts  which 
may  be  perceived  under  the  microscope.  This  movement  is  obyiously 
occasioned  by  the  pressure  or  tension  which  the  swelling  of  the  neigh- 
bouring cells  exercises  on  the  thin-walled  laticiferous  vessels.  Other 
forces  besides  those  already  mentioned  operate  in  these  tubes,  especially 
the  curvatures  and  torsions  of  particular  parts  of  the  plant  occasioned 
by  the  influence  of  light,  gravitation,  and  the  wind. 

The  products  of  assimilation,  when  transferred  to  other 
cells,  and  when  brought  into  actual  use,  undergo  a  variety  of 
changes  which  are  included  under  the  term  metastasis.  Thus, 
for  example,  when  the  starch  formed  in  the  leaves  of  the 
potato  is  to  be  transferred  into  the  tubers  as  a  reserve- 
material,  it  must  first  be  transformed  into  a  soluble  substance, 
viz.  glucose.  This  glucose  is  distributed  through  the  con- 
ducting tissues  ;  and  being  again  transformed  into  starch  in  the 
cells  of  the  tuber,  all  the  starch  gradually  collects  in  these 
organs.  By  the  close  of  the  period  of  growth,  all  the  chloro- 
phyll-grains are  also  dissolved  and  carried  into  the  permanent 
organs,  together  with  all  the  other  substances  which  are  sub- 
sequently to  be  employed.  Many  products  of  metastasis 
are  of  no  further  use  in  the  constnjction  of  new  cells,  but 
remain  stored  up  and  inactive  at.  the  spots  where  they  are 
produced.  These  are  termed  secondary  products  of  meta- 
s/as/'s,    and  comprise  thQ  Yo\aU\e  o\\?»,  a^^^'^i  ca.Qutchouc, 
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gum-like  substances,  tannin,  pigments,  acids,  alkaloids,  wax, 
pectin,  &c.  Other  substances,  known  as  degradation-pro- 
ducts^ are  produced  only  by  subsequent  changes  in  the  sub- 
stance of  organised  structures  ;  such  are  the  mucilage  of 
quince-seeds  and  linseed,  and  perhaps  also  lignin  and  cork 
(see  p.  23). 

The  object  of  the  processes  of  assimilation  and  meta- 
stasis, the  nutrition  of  cells  already  existing  and  the  formation 
of  new  ones,  is  at  present  kno>\Ti  only  in  its  most  general 
features.  The  little  that  is  known  consists  of  the  laws  of 
cell-fonnation  already  mentioned,  and  of  the  fact  that  the 
cell-wall  grows  by  intussusception,  that  is,  by  the  formation 
of  fresh  molecules  between  those  already  in  existence.  * 


REPRODUCTION. 

The  great  office  assigned  to  vegetation  of  covering  the 
surface  of  the  earth  with  forms  of  organic  life,  and  trans- 
forming inorganic  into  organic  substances  in  order  to  support 
the  life  of  man  and  other  animals,  requires  that  plants  be 
endowed  in  a  remarkable  manner  with  the  power  of  repro- 
duction, that  is,  of  producing  individuals  of  the  same  species, 
in  order  that  the  short  duration  of  all  earthly  life  may  not 
result  in  the  world  being  soon  deprived  of  its  covering  of 
vegetation,  and  all  life  perishing  in  consequence.  For  this 
purpose,  particular  cells  of  the  plant  begin,  at  definite  times, 
an  independent  growth,  and  thus  carry  on  a  life  of  their 
own,  often  not  in  connection  with  the  parent  plant.  Such 
cells  are  called  reproductive  cells,  and  the  plant  which  re- 
sults from  one  of  them  constitutes  a  ^vsXvaoX  generation.  The 
successive  generations  are  only  rarely,  as  in  some  Algae  and 
Fungi,  alike ;  as  a  rule,  generations  of  a  different  kind  follow 


*  [This  sentence  is  somewhat  altered  from  the  original,  where  a  dif- 
ferent definition  is  given  to  the  term  Mntussuscept\ovv'fi:oxft.N3cv'aXNi.^\>a^'^ 
adopted,  and  previously  employed  in  this  ytoxV. — ■Y.Xi.^ 
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one  another.  For  example,  a  generation  of  tne  kind  a  will 
produce  one  of  the  kind  b,  and  this  again  one  of  the  kind  a. 
This  kind  of  development  is  called  an  alternation  of  genera- 
tions. 

Processes  of  reproduction  are,  again,  of  two  essentially 
different  kinds.  While  one  class  or  group  of  reproductive 
cells  are  capable,  without  further  preparation,  of  giving 
rise  to  a  new  plant,  another  class  only  have  this  power  im- 
parted to  them  by  other  cells  which  stand  to  them  in  a 
relation  of  contrast.  The  former  kind  are  termed  in  general 
asexual  reproductive  cells^  the  latter  germ-cells  or  oospheres. 

Reproduction  by  asexual  reproductive  cells  [asexual  re- 
production"]  occurs  in  a  variety  of  modifications,  some  less, 
some  more  perfect,  and  is  variously  termed  reproduction 
by  spores,  gemmce,  btdbils,  conidia^  buds,  gonidia,  &c. 

The  most  common  mode  of  multiplication  in  the  lower 
plants  is  by  means  of  spores.^  This  term  may,  in  general, 
be  applied  to  all  those  simple  reproductive  cells  which  arise 
under  the  ordinary  conditions  of  life.  In  by  far  the  greater 
number  of  cases  they  are  simple  cells  enclosed  in  a  single 
or  double  cell-wall,  and  formed  at  particular  places,  very 
commonly  in  special  receptacles  to  which  the  name  spo- 
rangia  is  given.  The  great  variety  that  prevails  in  the  form, 
function,  permanence,  and  mode  of  formation  of  spores  has 
led  to  the  use  of  a  number  of  special  terms,  of  which  those 
in  most  common  use  will  be  hereafter  mentioned  and  ex~ 
plained.2     (See  e,g  Figs.  393-403»  44°,  45o.) 

'  [The  term  *  spore '  is  unfortunately  currently  used  in  cryptogamic 
botany  in  the  widest  and  vaguest  sense.  In  Fungi,  Mosses,  and  most 
Vascular  Cryptogams,  the  spores  are  asexual  reproductive  cells  in  the 
sense  here  employed,  as  also  are  the  *  tetraspores '  of  the  Rhodosporese. 
But  the  *  zygospores '  of  Conjugatae  and  the  '  resting-spores  '  of  some 
other  Algse  are  the  result  of  a  process  of  union  ;  while  the  *  spores  '  of 
the  Fucaceae  are  oospheres  which  require  to  be  fertilised  in  order  to 
enable  them  to  germinate. — Ed.] 

2  [Special  mention  should  be  made,  under  the  head  of  a  sexual  repro- 

ductive  cells,   of  zoospores  or  swarmspores,  bodies  found  exclusively  in 

Cellular  CrypU>ga.m%,  endowed  witVv  aTemaxkiblesijontaneous  power  of 
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The  formation  of  spores  proceeds,  as  has  already  been 
mentioned,  only  under  the  ordinary  normal  conditions  of 
life ;  when  the  conditions  are  abnormal,  they  are  replaced  by 
conidta.  Thus,  for  example,  in  Mucor  Mucedo,  the  brown 
mould  which  appears  so  commonly  on  rotten  fruit,  the  fila- 
ments of  cells  break  up,  when  the  supply  of  nutrient  sub- 
stances is  insufficient,  into  separate  cells  which,  under 
favourable  circumstances,  are  capable  of  development  into 
perfect  plants.  Although  conidia  are  so  similar  and  so 
nearly  related  to  spores,  it  appears  nevertheless  most  con- 
venient to  treat  them  as  distinct,  from  the  foct  of  their  being 
morbid  products. 

Gonidia  may  be  regarded  as  a  higher  condition  of 
conidia,  and  are  almost  peculiar  to  Lichens.  They  are 
usually  small  groups  of  cells  which  are  not  united  with  one 
another  by  any  definite  law  (see  Fig.  409,  p.  285). 

In  gemmce  the  cells  are  united  into  regular  groups,  and 
only  in  this  condition  detach  themselves  from  the  parent 
plant.  They  occur  especially  in  the  Muscineae.  In  the 
Hepaticse  they  are  developed  in  special  bowl-shaped  con- 
ceptacles  (Fig.  349)  \  in  Mosses,  on  ,,^  rvT^^^^/N^ 
the  contrary,  on  the  stem,  rhizoids, 
leaves,  and  in  short  on  all  parts  of 
the  plant. 

Special  interest  attaches  to  the 
mode  of  reproduction  by  means  of 
buds.  These  are  larger  assemblages 
of  dissimilar  cells,  and  are  moder- 
ately  highly  organised  germs  of  new  ^'^t-^rJirv^S^^. 
plants,  inasmuch  as  they  already  ^^l)  P°h**'^''P^'' 
consist  of  axial  and  foliar  organs. 
They  are  also  not  distributed  irregularly  over  the  parent 


motion.  Their  mode  of  development  and  of  propagation  will  be  ex- 
plained more  at  length  in  the  systematic  section  of  the  work  (see  Chaij. 
VI.  p.  250).— Ed.] 

N  2 
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plant,  like  the  reproductive  organs  already  mentioned,  but 
are  usually  attached  to  definite  positions,  being  found 
almost  exclusively  in  the  axils  of  leaves.  The  mode  of 
reproduction  by  buds  is  of  the  highest  practical  import- 
ance, and  is  made  use  of  by  gardeners  in  a  great  variety  of 
ways,  since  by  this  means  not  only  is  the  species  but  the 
particular  variety  propagated,  which  is  not  always  the  case 
in  reproduction  by  seeds.  To  this  class  belong  repro- 
duction by  bulbils,  rtmners,  cuttings,  grafting,  layering,  and 
budding.  In  these  processes,  so  different  in  their  external 
appearance,  reproduction  depends  simply  on  the  further 
development  of  buds  which  have  become  spontaneously 
detached  from  the  parent  plant,  or  artificially  separated 
from  it. 

Bulbils  are  endowed  in  a  high  degree  with  the  power 
of  independent  life  ;  they  become  spontaneously  detached 
from  the  parent  plant,  and,  when  they  fall  to  die  ground, 
continue  to  grow  like  seedlings.  They  occur  especially  in 
bulbous  plants  ;  in  the  hyacinth,  for  example,  in  the  axils  of 
,  the  bulb -scales  (Fig.  122,  p.  82),  in  some  lilies 
Jie  axils  of  the  foliage- leaves  (Fig.  350), 
■I  and  in  some  species  of  Allium  within  the  in- 
I  florescence.  More  rarely  they  are  found  on 
'  the  surface  of  the  leaf,  as  in  Cardamine  pra- 
tensis,  [BrycpAyltuni],  and  some  Ferns. 

Multiplication  by  the  division  of  under- 
ground [or  aerial]  stems,  as  in  the  Jst^r  and 
couch-grass,  Triticum  repens,  and  by  runners, 
^f  as  in  the  strawberry,  is   so   simple   and  so 
s  well  known  as  not  to  require  further  descrip- 

While  in  all  the  cases  already  described 
buds  which  have  separated  spontaneously  from  the  plant  have 
at  once  a  power  of  new  growth ;  in  cuttings,  grafts,  layers, 
aiiA  buddings,  on  the  other  hand,  the  wound  caused  by  an 
artificiaX  and  violent  separation  mva^  ^.tsVcifta-V    The  forma- 
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live  cambium  is  excited  into  activity,  masses  of  succulent  tells 
are  formed,  swell  up  to  a  certain  extent  between  the  inner- 
most layer  of  bark  and  the  wood,  and  spread  laterally  over 
the  cut  ends  of  both  xylem  and  phloem,  these  latter  taking 
no  part  in  the  formation  of  new  tissue  (Fig.  352).  Thus  is 
formed  a  spongy,  cartilaginous,  succulent  cushion  of  tissue, 
known  to  gardeners  as  a  callus.  At  the  same  time  the 
outer  wounded  parts  of  the  bark,  and  sometimes  also  the 
pith,  are  protected  from  further  injury  by  a  newly  formed 
cork-tissue.  In  cuttings  (Fig.  352),  i.e.  cut  branches  planted 
in  the  earth,  the  roots  are  developed  either 
through  the  tissue  of  the  callus  or  near  it, 
but  always  directly  from  the  cambium. 
In  grafting,  layering,  and  budding,  the- 
cambium  plays  the  same  part  as  in  the 
cutting,  giving  rise  to  the  recuperative 
mass  of  healing  tissue,  or  callus.  This 
forces  itself  into  the  injured  space  between 
the  bark  and  the  wood  (Fig.  351),  fills  it 


1  ihrough  a.  graft ; 


up  in  all  directions,  covers  up  the  dead  parts  of  the  tissue, 
and  causes  those  parts  that  are  still  active  to  coalesce  witb. 
one  another.     The  various  modi&caXio'as  ol  ■Cwa'^tw^ss.-M.*. 
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of  greater  interest  from  a  practical  than  a  scientific  point  of 
view.  In  grafiifig  (Figs.  351,  353)3  branch  of  a  superior 
variety  is  planted  on  a  stock  of  a  wild 
variety.  In  budding,  a  bud  to  which  a 
piece  of  the  bark  is  still  attached  is  in- 
serted into  a  T-shaped  incision  beneath 
the  bark  of  the  stock  (Fig,  354).  In  all 
cases  the  wounded  part  must  be  protected 
externally  bv  wrapping  round  with  bast 
and  covering  up  with  cotton  wool  or  some 
Other  substance  from  the  mjunous  mflu- 
ence  of  the  atmosphere  In  these  various 
processes,  the  point  of  junction  between 
the  stock  and  the  graft  forms  a  boundary- 


line  ;  all  the  parts  developed  above  this  line  belong  to  the 
latter ;  all  those  beneath  it  to  the  stock.  The  graft  Is  de- 
veloped altogether  spontaneously,  without  undeigoing  any 
essential  change  from  the  stock ; '  while  the  stock,  if  the 
buds  formed  on  it  are  allowed  to  grow,  developes  its  own 
proper  leaves,  flowers,  and  fruit 

This  independent  growth  of  a  bud  in  contact  with  the 
Stock  of  another  plant  takes  place,  however,  only  when  the 


'  [The  graft  and  the  stock  do,  however,  exercise  a  cert; 
reclprixaX  influence  the  one  on  the  other  ;  and  in  certain  cases  hybrids 
or  inlennedrnte  forms  between  the  two  aic  ^lodvicei.  — t^.\ 


of 
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two  belong  to  nearly  related  species.  The  peach  can  be 
grafted  on  a  plum-stock,  but  not  the  rose  on  an  oak. 

Reproduction  by  means  of  oospheres  or  germ-cells  is  es- 
sentially different  from  the  modes  already  described  ;  since 
here  cells  of  two  different  kinds  are  necessary  to  produce 
the  new  plant  by  their  mutual  action  the  one  on  the  other, 
the  cells  of  each  kind  having  no  power  of  propagation  in 
themselves  alone.  This  process  of  mutual  action  is  called 
fertilisation  or  ifiipregnatioUy  and  involves  a  distinction  be- 
tween the  fertilising  or  male^  and  the  fertilised  or  female 
element  This  latter  becomes,  after  fertihsation,  the  germ 
of  the  future  plant 

Of  the  various  processes  of  fertilisation  we  can  here  only 
describe  that  which  is  characteristic  of  all  flowering  plants 

A.  B.  c.  D. 


Fig.  355.— Pollen-grains : 
A  Cttcurbiia  ;  b  Passi- 
Jlora  ;  c  Cuphea  platy- 
cenira  ;  d  Dipsacus 
FiUlonum ;  e  pollen- 
masses  (pollinia)  of  Cyn- 
atuhntn  znncetoxicum 
(Aftclepiadeae). 


or  Phanerogams.  The  organs  of  re- 
production— the  male  pollen^  and  the 
female  ovtile — ^are  in  them  collected  in 
the  flowery  and  form  its  essential  con- 
stituents, and  thq  process  of  fertilisation 
consists  in  the  pollen  exercising  an 
influence  on  the  ovule,  by  which  a 
further  development  is  induced  in  the 
latter.  In  those  plants  in  which  the 
ovules  are  enclosed  in  an  ovary  it  is 
necessary  that  the  pollen  should,  in  the 
first  place,  fall  upon  the  stigma.  The 
period  of  maturity  of  the  pollen  and  of 


the  capacity  of  the  ovule  for  fertilisation 
generally  coincides  with  that  of  the  expaiv?iotv  o^\.W^<^^^. 
The  anthers  then  open,  and  the  po\\ex\-^iv5\"s»  ^\%.  'Vb^  "^^ 
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anenwphilous\  oi 
or  by  peculiar 


carried  to  the  stigma,  either  by  the  wind  i 
by  the  agency  of  insects  \entomophiloiis\ 
movements  (see  pp.  203,  205)  of  the  stamens  or  carpels, 
and  remain  attached  to  it  in  consequence  of  its  exuding  a 
viscid  fluid.     If  we  consider  the  immense  number  of  pollen- 
grains  produced  in  any  individual  flower,  and  in  addition 
the  fact  that  a  single  one  of  these  grains  suffices  for  the  fer- 
tilisation of  an  ovule,  it  would  appear  at  first  sight  as  if 
ample  provision  were  made  in  the  majority  of  plants  for 
this  first  act  in  the  process  of  fertilisation,  especially  if  at- 
tention is  directed  to  the  relative  positions  of  the  anthers 
and  stigma.     Thus,  for  example,  in  most  plants  with  pen- 
dent flowers,  such  as  the  fuchsia,  the  anthers  are  always 
placed  higher  than  the  long-styled  stigma,  so  that  in  the  act 
oi  pollination^  that  is,  the  dispersal  of  the  pollen,  some  pollen- 
grains   must    almost    inevitably   become  attached  to  the 
stigma.     But  in  spite  of  the  frequent  occurrence  of  such 
favourable  arrangements,  there  are    many  cases  in  which 
fertilisation  is  impossible  without  foreign  aid,  as  in  the  Or- 
chideae  and  Asclepiadeae  (Fig.  355  E),  in  which  the  pollen- 
grains  are  firmly  united  together  by  a  viscid  substance  into 
a  mass,   and  lie  undisturbed  in  the   open  anthers.      In 
these  cases  assistance  is  given  by  the  host  of  insects  which, 
in  their  search  for  honey,  fly  busily  from  flower  to  flower, 
penetrate  to  the  nectaries,  and  unintentionally  and  unknow- 
ingly carr}'-  the  fertilising  pollen  from  one  flower  to  another. 
In  a  large  number  of  flowers,  as,  for  instance,  the  Legumi- 
nosae,  other  contrivances  are  also  found,  by  means  of  which 
the  pollen  is  conveyed  to  particular  parts  of  the  bodies  of 
the  insects  in  their  search  for  honey,  viz.  to  those  which 
must  come  into  contact  with  the  stigma  when  the  insect 
visits  the  next  flower.     And  since  the  majority  of  insects 

*  In  forests  consisting  of  those  trees  which  bear  catkins  (Amen- 
1)  immense  clouds  of  pollen  are  often  seen  floating  in  the  air  at 
lejof  pollination,  which  are  sometimes  earned  to  the  earth  by 
I  afmin,  and  then  form  the  so-ca\\e^  *  s\jX^\v\ii-x;v.\a.' 
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visit  only  particular  plants,  the  pollen  is  not,  as  a  rule, 
wasted  by  being  carried  to  a  flower  of  a  different  species. 
Too  great  importance  cannot  be  attached  to  this  function  of 
insects  ;  and  many  exotic  plants,  such  as  the  vanilla,  were 
long  cultivated  in  our  hot-houses  without  producing  fruit, 
because  the  insects  required  for  their  fertilisation  were  want- 
ing, until  their  place  was  supplied  by  artificial  pollination. 

In  particular  cases  in  which  fertilisation  would  otherwise  be  impos- 
sible, other  special  contrivances  are  found,  especially  in  water-plants. 
When  the  pollen-grains  come  into  contact  with  water,  with  a  very  few 
exceptions  (as  in  Ceratophyllum  and  Zostera)^  they  absorb  so  much  as 
to  cause  them  to  burst,  or  to  occasion  the  escape  of  their  contents  from 
one  of  their  pores  so  quickly  that  they  perish.     In  order  to  prevent 
this  injurious  effect  it  is  almost  invariably  the  case  that  submerged  plants 
raise  their  flowers  above  the  water,  as  in  Sagittaria  and  Hydrocharis. 
In  Utricularia  (Fig.   356),  the  bladders  on  the  leaves  which  are  pre- 
viously empty,  become  filled  with  air  at  the  time 
of  fertilisation,  raising  the  whole  plant  to  the  sur- 
face of  the  water,  while  it  again  sinks  at  the  close 
of  the  period  of  flowering.     In  Elatine  and  Alisma 
air-bladders  are  formed,  by  a  vital  activity  not  yet 
accurately  investigated,    between   the    connivent  0 

stamens,  within  which  fertilisation  can  be  accom-  Fig.   356.  —  s  Bladder 

1"  1     J        J-  ^     i_    J       rr.1  ^  111  from  a  leaf  of  Uiricu- 

plished  undisturbed.     The  most  remarkable  case     laria  vulgaris.  ( x  4.) 

is,  however,  presented  by  the  dioecious  Vallisneria 
spiralis^  which  occurs  abundantly  in  marshes  in  South  Germany.  The 
male  flowers  are  seated  on  very  short  pedicels  at  the  base  of  the  leaves, 
often  several  feet  below  the  surface  of  the  water ;  the  female  flowers 
on  the  contrary  on  very  long  pedicels,  which  at  a  particular  time 
become  greatly  elongated  and  raise  the  flowers  to  the  surface  of  the 
water.  The  male  flowers  then  become  detached  from  their  pedicels, 
rise  to  the  surface,  are  floated  among  the  female  flowers,  and  fertilise 
them.  After  this  has  been  accomplished  the  pedicel  of  the  female  flower 
coils  up  spirally,  and  the  fruit  ripens  beneath  the  water. 

Notwithstanding  that  appearances  would  seem  to  point  to  the  pistil 
being  always  fertilised  by  the  stamens  which  surround  it,  more  exact 
observation  has  nevertheless  shown  that  self-fertilisation  of  this  nature 
does  not,  as  a  rule,  take  place,  but  that  on  the  other  hand  cross-fertilisa- 
tion^ i.e.  a  crossing  between  different  floweis  oiv.  Oa.^  ?axfte.  ^-ax^.^  'a^. 
between  Rowers  on  different  plants  of  the  same  s^ecve^,  Ns*  \o».Okv  \sNa\^ 
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frequently  actually  found  in  nature.  The  main  support  of  this  view  is 
found  in  the  phenomena  of  dichogamy  and  heterostylism,  which  are 
found  to  occur  in  so  many  plants. 

By  dichogamy  is  meant  the  maturing  at  different  times  of  the  re- 
productive organs  in  a  hermaphrodite  flower.  Dichogamous  flowers 
are  either  protandrous^  when  the  pollen  escapes  from  the  anthers  before 
the  stigma  in  the  same  flower  is  ready  for  fertilisation,  or  protogynous^ 
when  the  stigma  has  lost  its  capacity  for  fertilisation  before  the  pollen 
is  mature,  so  that  its  fertilisation  must  depend  on  the  pollen  of  older 
flowers.  Most  species  of  Geranium^  Pelargonium^  Malva,  Umbelliferse, 
Compositse,  and  Campanulaceae,  are  protandrous  ;  while  among  proto- 
gynous  plants  [which  are  much  less  common]  may  be  mentioned 
species  of  Magnolia^  Aristolochia  \Scrophularia^  Plantago\  &c. 

Heterosiylism  consists  in  different  flowers  belonging  to  the  same 
species  having  stamens  and  pistils  (styles)  of  different  lengths.  Thus, 
for  example,  in  the  cowslip  [and  primrose],  Linuvt  perennCy  and 
Pulmonaria  officinalis  (Fig.  357),  two  different  forms  occur,  the  long- 


FlG.  357.— Dimorphic  flower  of  Pulmonaria  :  I.  long-styled  :  II.  short-styled  form. 

a  corolla  ;  b  anthers ;  c  ring  of  hairs  ;  d  pistil. 

styled  (i.),  and  the  short-styled  (11.).  This  difference  in  the  form  of  the 
leproductive  organs  is  called  dimorphism ;  while  irimo7phism,  or  the 
existence  of  three  different  forms,  occurs  in  Lyth7'um  Salicaria  [and 
Oxalis\  In  plants  in  which  this  arrangement  occurs,  fertilisation, 
or  the  production  of  fertile  seeds,  is,  as  a  rule,  effected  only  by  the 
union  of  the  reproductive  oigans  which  stand  at  the  same  height,  and 
H'hich  are  therefore  always  found  in  different  flowers  (Fig.  357  i.  b  and 
//.  tf{  and  L  //and  II.  d)  ;  [it  \s  obvious  iKat  this  will  easily  be  brought 
«^Mf  5/theagency  of  insects."\  FinaAXv  vV^dtcum^V«cvt^\^^^^tva5X^^^^ 
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worthy  that  in  some  Orchide;e  [Notylia,  Onddiiim,  kc),  the  pollinaiion 
oflhe  stigma  by  poUeo-grains  from  the  same  flower  is  actually  poisonouf, 
having  a  fatally  injurious  influence  on  the  whole  flower. 

When  pollination  has  been  fully  accomplished,  the 
pollen-grain,  excited  by  the  viscid  fluid  exuded  by  the 
stigma,  puts  out  one  or  more  long  tubes,  the  pollen-tubes 
(Fig.  358),  which  are  unicellular  and  usually  simple. 
These  penetrate  through  the  con-  »?-,»'' 

ducting  tissue  of  the  style,  and        ,/aV''^-^ 
reach  the  interior  of  the  cavity 
of  the  ovary  in  a  few  hours ;  in 


putilni  oui  iheii    Fig  359.— Longixud 

m  FlSlsHum  :  B        Ihe    uni  ovular  o< 

Convo/rvlut  at  ihi 

a  stigma    i  poll< 

K  ;  d  wall  of  the  ovaiy ;  pn  the  erect  ortholrDpou^  avylc 

chalaza  :  two  pollcD-tubes  have  penetrated  throufih  the  cond 

b(yle»  (me  of  whkh  has  entered  the  jnicropyleof  iheovuie,  iheoi 

the  case  of  Cokhkum  in  about  twelve.  There  they  come 
into  contact  with  the  ovules  and  attach  themselves  closely  to 
them  (Fig.  359).  One  of  the  cells  of  the  nucleus  of  the 
ovule  has,  in  the  meantime,  grown  much  larger  than  the 
rest,  and  has  pressed  aside  and  absorbed  the  surrounding 
tissue.  This  is  the  embryo-sac,  in  which,  even  before  fer- 
tilisation, two  tnembraneless  cells,  the  embryonic  01  germinal 
vesicles^  have  been  formed,  which  are  fertilised  by  the  ijoWs.-^- 
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tube,  and  then  develope  into  the  embryo.  Besides  the  em- 
bryonic vesicles,  .the  embryo-sac  usually  contains  one  or 
more  cells,  the  function  j 

of  which  is  still  un- 
known, and  which  are 
called  the  antipodal  cells 
(Fig.  360),  because  they 
are  usually  found  at  the 
base  of  the  embryo-sac. 
Of  the  numerous 
pollen-tubes  which,  as  a 
rule,  reach  the  ovuli. 
one  penetrates  throug 
the  micropyle,  an  1 
reaches  the  embiyosa 
either  directly  or  by 
forcing  aside  the  tissue 


iG.  3«i,— The  proCB!  of  fertiUsation  in  ClaJinIia  trerliiK :  I.  tho  I 
vMidoi  »[  Itit  apex  of  the  embiyo-sac :  j'  j"  Ihe  filifotm  apparatus 
tallt  of  piolopl«sro  ready  for  ferliliMlion :  u  ihe  mail  of  the  eo 
//,  »po)leii-tube/»  which  hMJaslfcnilised  the  l«-o  embryonic  vesicl 
ucl  wiih  ir ;  (he  m11-w»1Is  which  sunounA  tht  Wfe  t*  stw-ooVum  u. 
.(Ui:  III.  ■  tomewhat  Ulet  iUige;  the  a\Wii\\i. »«  v^jniw \  "- 
■»'ubegjiming  to  develope  «i4w*'''i4=  »>■'''■'"'■'-■■  «~-^ 
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which  still  Hes  above  it.  At  the  apex  of  the  embryo-sac 
the  pollen-tube  comes  into  contact  with  the  embryonic 
vesicles,  and  fertilises  them  (Figs,  361,  362).  The  exact 
mode  in  which  this  happens  is  not  yet  known,  since  at  the 
time  of  fertilisation  the  pollen-tube,  which  is  sometimes 
more,  sometimes  less  considerably  swollen,  appears  to  con- 
tain no  substance  of  definite 
structure.  Immediately  after 
fertilisation,  the  embryonic 
vesicles,  which  were  before 
naked,  become  clothed  with 
a  cell-wall  of  cellulose,  and 
begin  at  once  to  develope. 
It  is  indifferent  whether  one  , 
or  both  vesicles  are  fertil- 
ised ;  one  almost  invariably  \\ 
perishes,  perhaps  from 
want  of  sufficient  nutri- 
ment, while  the  other  un- 
dergoes further  develop- 
ment. This  divides,  at  first, 
into  two  cells,  the  upper 
one  of  which  becomes  the 
suspmsor,  while  the  lower 
one  developes  by  frequent 
division  and  growth  into  tht  p,^.  3(,_F„iii! 
««fryo (Fig.  363).  Thesus-  li™  °r'f™«";" 
pensor  is  sometimes  longer,  wc  '  »'  ih«  <" 
asirBorragineEe.Cruciferse,  mbe  /»  has  ji 
Labiatie,  and  Scrophu- 
lariaceas,  or  shorter,  as 
in  GramineEE,  Iridese,  Lilia- 
cea:,  and  Polygonacese  ;  in 

a  few  cases,  as  Cynanchum  and  Tropsolum,  It  swells  up  con- 
siderably, and  is  then  called  the  pro-embryo^  a.  tCTm  "s'Kv'ix 
should  properly  be  applied  to  it  in  a\\  cases- 


r  embtyonic 
*;  Ti;  ftr. 
embryonic 


velojan  J  mem 
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According  to  Hofmeister,  the  embryonic  vesicles  are  cells  of  protCK 
pla<vm  destitute  of  a  cell-wall  lying  below  the  apex  of  the  embryo-sac, 
which  vs  sometimes  more,  sometimes  less  strongly  thickened,  it  having 
there  a  much  greater  refractive  power  of  light  and  often  a  wax-like  gloss. 
According  to  Schacht  this  shining  mass,  called  by  him  the  filiform 
apparatus^    is  usually  striated,   and   forms  an   essential  part  of  the 

embryonic  vesicles,  destined  to  conduct  the  fer- 
tilising substance  from  the  pollen -tube  to  the 
balls  of  protoplasm,  subsequently  perishing, 
while  the  embryo  continues  to  develope. 

The  radicular  end  of  the  embryo  is 
always  developed  first  on  the  suspensor, 
and  hence  the  radicle  of  the  mature  em- 
bryo is  almost  always  turned  towards  the 
micropyle.  During  its  growth  the  em- 
bryo is  almost  always,  except  in  Orchidese, 
nourished  by  a  tissue  developed  in  the 
embryo-sac  (Fig.  364),  and  termed  the 
albumen  or  endospenn,  which  is  absorbed 
in  its  immediate  neighbourhood  by  the 
growth  of  the  embryo.  If  it  is  entirely 
,  consumed  in  this  manner,  the  mature  seed 

//«,.,   the   endosperm  |s  exalbuminous  ;  if  a  portion  of  it  is  left, 
consisting  of  a  long  row  \^  jg  albuminous.      When  a  portion  still 

of  cells  r  one  of  the  cells  .  -    ,         .  -   ,  ^  ,  •       ir 

in  the  middle  has  already   remamS  Of  the  tlSSUe  Of  the  nUClcUS  itSelf, 
divided  transversely;  /   ^i  •      •  n    j    ^i        ^      •  x  r> 

pollen-tube :  k  rudiment  this  IS  Called  the  perisperm,     Cannaceae 

have  a  perisperm,  but  no  endosperm, 
while  Nymphaeacese  (Fig.  365)  have 
both.  The  cells  of  these  tissues  are 
finally  filled  with  a  quantity  of  nutrient 
substances  of  all  kinds,  which  serve  for 

,.      ^      III  the  nutrition  of  the  young  plant  when 

r  n..  365  —  Longitudmal  .         .  /or' 

section  through  a  seed    germinating, 
of  Nyiiif>httn  :  c  testa  :   °  ° 

h  perusperm:   a    endo-        These    processes   exhibit  an    alternation  of 
sperm ;  k  embryo.  .  t  ,         ,      ,  r,,,  „  . 

generations^  although  obscure.    The  pollen-grain 

corresponds  to  the  microspore,   the  embr}'o-sac  to  the  macrospore,  of 

the  hetcroaporoixs  Vascular  Cryptogams  V^^  CVva.^.  VI.,  p.  245). 


Fig.  364.— Separated  em- 
bryo-sac    of    Heliotro- 


of  the  embryo. 
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The  processes  concerned  in  fertilisation  and  the  forma- 
tion of  the  embryo  in  Gymnosperms  (Coniferje  and  CycadcEe) 
differ  somewhat  from  that  now  described,  but  correspond  in 
all  essential  points.  The  differences  are  as  follows :  in 
Gymnosperms  the  pollen-grain  falls  directly  upon  the  micro- 
pyle  of  the  ovule,  the  pollen-tube  being  developed,  not  as  in 
MonocotyledonsandDicotyledonsfrom  the  pollen-grain  itself, 
but  from  one  of  its  daughter-cells  (Fig.  366).  The  embryo- 
sac,  at  least  in  Coniferse,  is  filled  up  soon  after  pollination  with  ■ 
endosperm,  which,  however,  has  only  a  transitory  existence. 


After  some  weeks,  or  often  only  af  e  some  mon  hs  is 
again  absorbed,  a  fresh  developn  en  of  endospem  ak  ng 
its  place.  In  this  latter  are  fo  med  a  few  cells  of  la  ger 
size  than  the  rest,  the  secondary  nb  yo  a  o  p  cuks 
{Fig.  367),  the  number  of  which  d  ffe  s  n  d  (Fe  en  genera. 
After  some  time  each  of  them  spl  s  up  by  a  part  on- 
wall  into  two  cells,  a  smaller  upper  one  he  «  i  //, 
and  a  larger  lower  one,  the  cmtral   ell     1W%k.  ^ia\mASj\e, 
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neck,  either  remaiyiing  simple  or  splitting  up  into  several 
contiguous  cells.  The  central  cell  developes  into  a  large 
oosphere^  which  is  surrounded  by  the  neighbouring  tissue  of 
the  endosperm  as  a  peculiar  enveloping  layer  of  cells.  The 
pollen-tube  now  advances  to  the  corpuscules,  becomes 
closely  applied  to  several  of  them,  or  penetrates  into  the 
neck  of  a  single  one,  often  even  into  the  central  cell,  and 
transfers  its  contents  to  the  oosphere.  This  is  the  moment 
of  fertilisation ;  and  the  nucleus  of  the  oosphere  now  be- 
comes absorbed.  The  oosphere  now  breaks  up  in  its  lower 
.part,  in  Cupressineae,  into  several  cells  lying  one  over 
another ;  or,  in  Abietinese,  a  layer  of  cells  is  developed  there 
by  repeated  cell-divisions.  These  cells  form  the  so-called 
pro-embryo^  which  in  the  course  of  its  development  breaks 
through  the  embryo-sac,  the  embryo  being  formed  at  its 
lower  end.  When  the  rudiment  of  the  embryo  is  carried 
into  the  loosened  endosperm  by  the  pro-embryonic  cells 
which  are  often  greatly  elongated,  the  corpuscules  gradually 
coalesce  before  their  contents  are  completely  absorbed  and 
consumed. 

The  germination  of  many  seeds  takes  place  as  soon  as 
they  escape  from  the  fruit  and  attain  favourable  conditions 
of  moisture  and  warmth ;  in  others,  on  the  contrary,  a 
period  of  rest  seems  to  be  necessary  in  order  for  them  to 
ripen,  i,e,  to  become  capable  of  germination,  by  slow 
changes,  probably  of  a  chemical  nature.  The  radicle  of  a 
seed  of  the  willow  pierces  the  testa  as  soon  as  twelve  hours 
after  sowing ;  and  if  it  is  allowed  to  remain  dry  for  only 
twelve  days  it  loses  its  capacity  for  germination.  The  seeds 
of  the  elm,  poplar,  coffee,  and  many  I^auraceae  also  germi- 
nate only  when  they  have  been  kept  fresh  and  have  not 
dried  up  ;  while  that  of  the  mistletoe  often  germinates  even 
while  still  inside  the  fruit.  Fresh  seeds  in  general  germinate 
more  quickly  and  easily  than  old  ones.  Seeds  which  con- 
ta.m  starch  may,  on  the  contrary,  retain  their  power  of  ger- 
mination  for  many  years,  \i  Vepl  dx^.     The  temperature 
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rises  during  the  germination  of  seeds,  in  consequence  of  the 
absorption  of  water  and  formation  of  carbon  dioxide. 

In  order  for  germination  to  take  place,  it  is  essential 
that  the  temperature  should  fluctuate  only  between  certain 
limits,  which,  as  might  be  expected,  vary  greatly  in  the  case 
of  different  plants.     In  the  case  of  wheat,  for  example,  the 
lower  and  upper  limits  are  5°  and  43°  C. ;  for  barley  5°  and 
36°-37'S°  C. ;  for  maize  15°  and  46*2°  C.     The  seedling 
derives   its  earliest  nutriment  from   the 
seed,  and  especially  from  the  cotyledons, 
or,  when  there  is  endosperm,  from  it  also 
through  the  medium  of  the  cotyledons. 
The  radicle  first  emerges  from  the  seed, 
and  after  it  the  plumule.    The 
radicle  is,  in  Dicotyledonous 
plants,  a  direct  prolongation 
of  the  axis  of  the  embryo,  and, 
therefore,  a  tap-root;    while 
in    Monocotyledons,    on  the 
other  hand,  the  radicular  end 
of  the  embryo  never  becomes 
a  primary  root ;  a  number  of 
adventitious  roots  are,  on  the 
contrary,  developed  (see  Fig. 
105,  p.  .74),  and    it    is    only 
rarely  (Fig.  368)  that  the  ra- 
dicular end  of   the    embryo 
elongates  into  a  protuberance 

„,i«:^v    ^^^^    ^»..:»u»»        T«    -^    Fig.  368.— Ger-    Fig.  369.  —  Germinat- 
WhlCn   soon    perishes.       In    re-    minationofthe        ing  seed  of  orange, 

spect  to  the  cotyledons  also,  rn^lfx^^tf     Z^^^^^^ 


there  are   two  modes  of  germi-    the  embryo  :rf       soil,and  only  slightly 

o  radicle :  / plu-        emerging   from   the 

nation.     They   either   remain  mule  (x  6).         ^--^- - 


testa  T. 


beneath  the  soil  still  enclosed  in  the  testa,  (Fig.  369),  or 
they  rise  above  ground  and  throw  off  the  testa  (Fig.  370). 
The  single  cotyledon  of  Monocotyledons  almost  always 
remains  beneath  the  surface,  as  also  do  \5c^o^^  ol  ^^  ^"^ 

o 
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and  sweet  chestnut,  while  in  other  Dicotyledons,  as  the 
beech,  birch,  and  lime,  they  emerge  from  the  soil.    The 

plumule  of  Monocotyledons  consists  of 
superimposed  leaves  of  a  sheath-like  or 
comet-like  character  (Fig.  368)  ;  while  in 
Dicotyledons  the  cotyledons,  when  they 
separate,  are  green  and  leaf-like. 

In  all  modes  of  reproduction  the  pro- 
perties of  the  parent  plant  are  transmitted 
to  its  descendants.  When  reproduction 
is  effected  by  asexual  cells,  this  is  alto- 
gether the  case  ;  but  when  the  reproduc- 
tive cells  are  fertilised  oospheres,  only  so 
far  as  to  maintain  the  character  of  the 
species.  When  the  fertilising  (male)  and 
the  fertilised  (female)  cell  are  derived  from 
plants  which  belong  to  different  species, 
fertilisation  can  take  place  only  if  the 
two  species  are  very  nearly  related  to  one  another.  An 
individual  resulting  from  impregnation  of  this  character  is 
a  hybrid'^  and  it  is  determined  by  a  number  of  circum- 
stances, some  of  which  are  still  unknown,  which  of  the  two 
parent  species  the  hybrid  most  nearly  resembles.  Hybrids 
resulting  in  this  manner  from  the  crossing  of  two  species, 
not  unfrequently  occur  in  nature ;  but  their  power  of 
propagation  is  commonly  defective,  and  they  are  often 
altogether  infertile. 

In  systematic  botany  hybrids  are  distinguished  by  names  com- 
pounded of  those  of  their  parent-species,  the  name  being  placed  first  of 
the  one  which  it  most  resembles.  Thus  between  Mentha  rottindifoUa 
and  M,  sylvestris^  two  hybrids  are  known,  M.  rotundifolio-sylvestris 
and  M.  sylvestri-rotundifolM^  the  former  of  which  most  nearly  resembles 
M,  rotundt folia y  the  later  M,  sylvestris.  * 


Fig.  370. — Germinat- 
ing ••eed  of  cabbage  ; 
/  axis  ;  c,  d  the  two 
cotyledons  which 
have  risen  above  the 
<soil,  the  testa  a  not 
being  vet  completely 
thrown  off  (  x  4), 


*  {A  more  usual  and  preferable  practice  is  to  place  the  name  of  the 

ma)c  parent  first,  of  the  female  parent  last.     Thus  Mentha  rotundifolio- 

jry/z/^s//is  ^'ovld  be  the  result  01  the  fertilisation  of  M.  sylvestris  by  Mm 
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Fertilisation  is  easier  between  different  varieties  of  the 
sahie  species  than  between  different  species,  the  result  being 
in  this  case  termed  a  varitty -hybrid.  The  stamens  are  often 
replaced  in  them  by  petals,  thus  forming  what  are  called 
double  sterile  flowers,  on  which  account  they  are  not  gene- 
rally so  well  calculated  for  propagation  as  species-hybrids. 

It  is  easily  understood  that  agriculture,  and  especially 
horticulture,  takes  advantage  of  these  peculiarities  in  order 
to  call  into  existence  varieties  of  plants  cultivated  for  their 
usefulness  or  their  beauty. 

The  subject  of  fertilisation  is  incomplete  without  a  description  of 
the  mode  of  reproduction  of  Cryptogams  by  means  of  oospheres.  But  as 
an  account  of  the  very  numerous  modifications  of  this  process  must 
necessarily  be  given  under  the  separate  classes,  the  whole  subject  is  de- 
ferred till  the  section  on  classification. 


PHENOMENA   OF   MOVEMENT. 

Motion  is  an  essential  condition  of  life.  The  plant, 
therefore,  like  the  animal,  exhibits  phenomena  of  motion  ; 
but  since  the  former  finds  conditions  suitable  for  existence 
on  all  sides,  these  phenomena  are  in  general  less  strongly 
manifested  than  in  the  case  of  the  latter.  It  is  not  neces- 
sary here  to  allude  to  those  movements  of  a  passive 
character  which  the  plant  performs  under  the  influence  of 
wind  or  wave,  or  when  bent  to  the  ground  beneath  the 
weight  of  its  fruit,  rising  again  subsequently  to  an  erect 
position ;  in  short,  to  those  movements  which  are  imparted 
to  it  by  the  obvious  action  of  mechanical  forces.  Those 
only  will  be  referred  to  which  are  inseparable  from  life, 
and  are  a  direct  result  of  the  vital  processes. 

It  is  impossible  to  giye  a  minute  account  of  all  these  various  pheno- 
mena  of  movement ;  but  they  will  at  least  be  made  somewhat  more 


rotundifolia^  M,  sylvestri-rotundifolia  the  result  of  the  fertvlv?a.\.\a-^  <^^  M.. 
rotundifolia  by  M.  sylvestris, — Ed.'\ 

O  2 
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intelligible  by  observing  those  forces  which  are  inherent  in  plants  from 
the  mode  of  their  construction  out  of  cells,  as  well  as  from  the  molecular 
structure  of  their  organised  parts. 

Chemical  processes  in  the  interior  of  the  growing  structure  are  always 
connected  with  growth  by  intussusception,  as  this  process  has  already 
been  described.  Thus,  for  example,  the  nutrient  fluid  which  forces  its 
way  into  the  cells  from  without  by  the  action  of  osmose,  contains,  it  is 
true,  material  for  the  formation  of  molecules  of  a  definite  chemical 
composition  ;  but  this  material  is  chemically  different  from  the  molecules 
which  it  nourishes.  Thus  starch-grains  are  produced  out  of  a  fluid 
which  does  not  contain  any  starch  in  solution  ;  the  cell-wall  is  formed 
by  the  secretion  of  substances  out  of  the  protoplasm  which  are  not 
dissolved  cellulose  ;  the  colouring  matter  of  the  chlorophyll  is  first 
formed  in  the  interior  of  the  chlorophyll-bodies,  &c.  Growth  by  intus- 
susception is  therefore  connected  not  only  with  a  continual  disturbance 
of  molecular  equilibrium,  but  also  with  chemical  processes  in  the  in- 
terior of  the  growing  structure.  Chemical  combinations  of  the  most 
various  character  must  therefore  take  place  between  the  molecules  of  the 
organised  body,  and  act  and  react  up>on  one  another. 

It  is  certain  that  growth  can  only  take  place  so  long  as  the  growing 
parts  of  the  cell  are  permeated  by  atmospheric  air^  and  that  the  oxygen 
of  the  atmosphere  decomposes  the  compounds  within  the  oi^;anised 
structure.  *  The  formation  and  evolution  of  carbon  dioxide  is  therefore  a 
necessary  accompaniment  of  growth  ;  and  not  only  is  the  equilibrium 
of  chemical  forces  thus  being  continually  disturbed,  but  heat  is  also 
necessarily  produced,  and  electrical  action  may  perhaps  also  come 
into  play. 

By  the  chemical  processes  which  have  been  partially  described  in 
detail  when  treating  of  nutrition,  by  the  influence  of  heat,  and  perhaps 
also  by  electrical  action,  forces  of  considerable  magnitude  are  set  free 
in  the  interior  of  the  plant,  which  set  in  motion  its  smallest  particles 
(atoms  or  molecules),  and  thus  represent  a  definite  amount  of  work 
within  the  growing  organised  body,  which  is  probably  often  enormous. '^ 
And  herein  we  have  an  essential  characteristic  of  all  organisation  and  of 

•  See  p.  167,  on  the  process  of  respiration. 

2  The  temperature  of  dry  grains  of  starch,  when  they  absorb  water 
of  the  same  temperature,  rises  2°  or  3®  C. ;  while  boiling  water  is  only 
raised  in  temperature  about  0*078°  C.  by  a  pressure  of  ten  atmospheres. 
Since,  as  experiment  has  shown,  the  rise  in  temperature  on  absorption 
depends  on  an  increase  in  density  of  the  water,  these  statements  will 
give  some  idea,  of  the  enormous  force  with  which  the  absorption  takes 
pJace. 
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life,  viz.  that  organised  structures  are  capable  of  a  continual  internal 
change  ;  and  that  so  long  as  they  are  in  contact  with  water  and  with 
atmospheric  air,  only  a  portion  of  their  forces  can  be  in  equilibrium  in 
their  interior ;  in  short,  that  they  are  in  continual  internal  movement. 
The  whole  organism  forms,  therefore,  a  framework,  between  and  in  the 
molecules  of  which  forces  are  constantly  being  set  free  by  chemical 
changes,  which  forces  again  occasion  further  changes.  This  is  essen- 
tially dependent  on  the  peculiar  molecular  structure  which  allows  that  at 
every  point  in  the  interior  substances  penetrate  from  without  and  are 
absorbed  in  the  liquid  or  gaseous  state,  and  can  again  be  expelled.  This 
internal  changeableness  attains  its  highest  grade  in  the  chlorophyll-bodies 
and  the  protoplasm.  In  the  former,  chemical  changes  take  place  with 
great  energy  and  force  under  the  influence  of  light,  such  as  the  formation 
of  the  green  colouring  matter  and  of  starch  ;  while  the  absence  of  light 
at  once  sets  up  other  chemical  processes,  which  terminate  only  with  the 
complete  destruction  of  the  whole  of  the  chlorophyll- body. 

Besides  the  chemical  and  physical  forces,  others  are  al$o  set  free  in 
plants  by  the  mutual  action  on  one  another  of  their  cells,  which  are 
manifested  in  a  tension  of  the  tissues  or  of  the  cells  with  respect  to  one 
another. 

Every  part  of  the  plant  consists  of  external  and  internal  layers  whose 
growth  proceeds,  at  least  for  a  time,  with  a  different  rapidity  in  the 
same  direction.  A  necessary  consequence  of  this  unequal  energy  of 
growth  is  a  corresponding  tension  of  the  different  layers  with  respect  to 
one  another ;  because  those  which  are  growing  more  quickly  are  prevented 
from  expanding  as  much  as  their  growth  requires,  and  hence  exercise  a 
pressure  on  the  layers  that  grow  more  slowly,  which  these  seek  to 
counteract  by  their  elasticity.  Such  tensions  of  the  layers  caused  by 
unequal  growth  may  still  continue  after  growth  has  ceased  ;  but  they  may 
also  be  destroyed  by  a  change  in  the  relative  rates  of  growth.  The 
existence  and  the  nature  of  the  tension  can  be  easily  shown  by  sepa- 
rating the  layers  from  one  another ;  those  which  had  grown  more 
quickly,  and  were  therefore  previously  compressed,  will  expand  ;  those 
which  had  grouii  more  slowly  and  which  were  therefore  previously 
stretched  to  more  than  their  natural  length,  will  now  contract  elastically ; 
the  former  become  longer,  the  latter  shorter,  than  before  their  separa- 
tion. A  partial  •  separation  of  the  tissues  is  often  sufficient  to  show 
this.  If,  for  example,  any  rapidly  growing  stem  is  cut  longitudinally 
into  four  pieces  cross-wise,  the  pieces  curve  concavely  outwards  and 
convexly  on  their  inner  side,  in  consequence  of  the  internal  layers  ex- 
tending while  the  outer  layers  contract.  Tht%e  lexv^votvs*  c"a»&^\s^  "^^^ 
uneguaJ  growth  in  length  of  different  layers  ol  t\ss\x^  ^^"t  Owvg.^1  "vcv  '^'^ 
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direction  of  the  axis  of  the  growing  structure,  and  are  therefore  called 
longitudinal  Unnom.  But  when,  after  growth  in  length  has  ceased,  a 
permanent  increase  in  thickness  takes  place,  as  for  instance  in  the  case 
of  the  stems  of  forest-trees,  then  this  increase  in  thickness  is  accompanied 
by  a  transverse  tension  in  the  radial  and  tangential  directions.  This  is 
generally  caused  by  the  cortical  tissue  growing  more  slowly  than  the 
wood;  and  this,  as  has  already  been  shown,  causes  the  bark  to  become 
too  small  for  the  wood,  and  hence  to  compress  it  considerably  ;  no  in- 
considerable pressure  being  exerted,  on  the  other  hand,  by  the  wood  on 
the  bark.  This  can  be  easily  shown  by  stripping  a  ring  of  bark  from  a 
stem,  and  slitting  it  up  one  side,  when  it  contracts,  and  will  no  longer 
enclose  the  wood,  its  edges  gaping  apart. 

Tensions  of  different  layers  do  not  occur  only  in  tissues,  but  also  in 
the  cell  walls  of  individual  cells  ;  and  it  is  then  usually  the  outermost 
layers  of  the  cell-wall  which  are  stretched  by  the  inner  ones,  while 
these  latter  are  correspondingly  compressed  by  the  elasticity  of  the  outer 
layers. 

The  iurgidity  of  the  cell,  or  the  pressure  exercised  by  the  cell -sap 
on  the  enveloping  ceH-wall,  must  be  carefully  distinguished  from  the 
tension  of  Ihe  layers  of  tissue.  Turgidity  is  caused  by  the  substances 
dissolved  in  the  cell-sap  attracting  the  water  which  surrounds  the 
cell  by  the  force  of  endosmose  ;  the  water  accumulates  within  the  cell- 
cavity  by  endosmotic  attraction,  and,  exerting  a  pressure  on  the  inside  of 
the  cell -wall,  places  it  in  a  condition  of  greater  or  less  tension. 

The  final  result  of  the  growth  of  the  cell- wall  caused  by  the  various 
*  forces  enumerated — its  extjensibility  and  elasticity,  and  the  turgidity  of 
the  cell — is  .1  measure  of  the  rigidity  or  flaccidity  of  the  plant  or  part  of 
the  plant.  The  total  tension,  for  instance,  is  diminished,  and  the  part 
becomes  more  flexible,  when  the  turgidity  decreases  from  loss  of  water, 
or  when  the  elasticity  of  the  stretched  cell-walls  diminishes,  or  when  the 
cell-walls  become  more  extensible,  or,  finally,  when  the  inequality  of  the 
growth  of  the  different  layers  of  tissue  diminishes.  When  a  change 
of  this  kind  takes  place  on  all  sides,  the  part  of  the  plant  will  be- 
come shorter  or  longer  according  as  the  tension  diminishes  or  increases  ; 
but  if  it  takes  place  on  one  side  only,  a  corresponding  curvature  is 
caused. 

To  complete  the  account  of  the  forces  at  work  in  the  plant,  we  must 

add  to  those  already  mentioned,  which  are  peculiar  to  the  molecular 

structure  of  their  organised  parts  and  to  the  phenomena  of  tension, 

others  which  are  set  free  by  the  movement  of  water  and  of  gases  within 

the  plant.     Sufficient  reference  \\a^  a\Tea.d^  b^etv  made  to  the  former 

under  the  head  of  nutrition.    The  \aXV«  dass^l  \cvw^xa^x!\%\'?.^i^^ 
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explained  by  the  continual  interchange,  through  the  medium  of  the 
stomata,  of  the  gases  formed  in  the  intercellular  spaces  with  the  external 
air,  and  by  the  fact  that  in  growing  plants  gases  are  continually  passing 
in  and  out  of  the  cells  by  the  force  of  diffusion.  A  large  number  of 
very  remarkable  movements  of  plants  and  of  parts  of  plants  are  at  least 
to  some  extent  explained  by  the  co-operation  of  these  forces ;  but  a 
large  number  of  others  still  require  further  investigation. 

The  wonderful  properties  of  protoplasm,  to  which  atten- 
tion has  ahready  been  directed,  culminate  in  its  spontaneous 
motility,  in  its  capacity  of  assuming  different  forms,  of 
changing  its  outline  and  its  internal  condition,  and  of  thus 
calling  into  activity  internal  forces  without  any  c(;rrespond- 
ing  impulses  being  observed  to  act  upon  it  from  without. 
Good  examples  of  this  capacity  are  afforded  by  hair-like 
structures,  such  as  the  filaments  of  the  stamens  of  Trades- 
cantia^  the  stinging-hairs  of  the  nettle,  &c.  The  movement 
of  the  protoplasm  in  these  cells  is  apparently  not  subject  to 
any  definite  law,  sometimes  advancing,  sometimes  retreat- 
ing, and  sometimes  suddenly  ceasing.  The  protoplasm 
often  makes  for  itself  new  courses  in  the  cell-sap ;  but  its 
motion  appears  to  be  dependent  on  the  nucleus,  round  v/hich 
it  always  flows,  and  often  carries  it  along  with  it.  When 
the  protoplasm  within  a  cell  possesses  this  power  of  motility, 
it  is  not  extraordinary  that  cells  destitute  of  a  cell-wall  (pri- 
mordial cells)  should  have  the  power  of  moving  from  place 
to  place  ;  and,  in  fact,  the  naked  primordial  cells  of  the 
Myxomycetes,  which  are  termed  Plasmodia^  are  endowed 
with  the  faculty  of  moving  like  an  animal,  and  even,  in  the 
case  oi  ^thalium — the  so-called  'flowers  of  tan' — of  creeping 
to  the  distance  or  height  of  several  feet,  as  if  endowed  with 
voluntary  power.  It  is,  therefore,  not  to  be  wondered  at 
that  even  till  quite  recently  these  organisms  were  considered 
to  be  animals ;  while  at  present  they  are  assigned  to  an 
abnormal  section  of  Fungi,  to  which  class  they  are  allied  by 
the  mode  of  formation  of  their  spores.  Thera\i\d\fc^  <^^^<^^^ 
< sXreammg' moYQmtnX.^  varies  rieatXy  ,  X\v^icv;mYwc««v^^^^^a^^ 
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to  occur  in  Dtdymium  Serptda,  where  a  rate  of  lo  millimetres 

in  a  minute  has  been  observed. 

The  antherozoids  and  swarmspores  (zoospores)  of  many 

Cryptogams  were  long  considered  to  belong  to  the  animal 

kingdom  ;  and  they  actually  show  so  close  a  resemblance  to 

animals  that  they  might  well  have  been  described  as  plants 

in  the  moment  of  their  transformation  into  animals.     The 

swarmspores  of  Algae  are  particles  of  protoplasm  which  break 

through  the  walls  of  the  cells  in  which  they  are  formed,  and 

swim  about  for  a  time  in  water  like  animals.     It  is  only 

since  it  has  been  ascertained  that  they  give  birth,  after  a 

shorter  or  longer  period  of  rest,  to  a  plant  of  the  same  species 

as  that  from  which  they  sprang,  that  their  vegetable  nature  has 

been  absolutely  determined.     The  internal  forces  by  which 

these  swarmspores  (Fig.  385,  p.  252)^  and  the  antherozoids 

(Fig.  371)  which  are  endowed  with  motion  of  a  similar  nature, 

I. 

II. 


Fig.  371. — Antherozoids  :  I.  oiNitella  syncarpa  ('Characeae.  x  500)  ;  II.  of 
(Edog^niuni genielliparuvi{h\%?t.  x  800}. 

are  enabled  to  perform  their  movements,  are  still  unknown ; 
but  they  are  certainly  connected  with  the  vibratile  cilia,  or 
minute  threads  of  protoplasm  of  different  lengths  and  vari- 
able number,  the  vibrations  of  which  set  the  body  in 
motion.  But  it  must  be  admitted  to  be  a  most  wonderful 
contrivance  for  the  maintenance  and  propagation  of  a 
number  of  vegetable  organisms. 

Neither  swarmspores  nor  antherozoids  are  provided  with 

a  cell-wall — or,  at  all  events,  with  only  an  extremely  delicate 

one — during  their  period  of  motility.     Still  more  remarkable 

than  these  must,  therefore,  be  considered  the  movements  of 

the  Dlatomacesdy  [Desmidiese],  Oscillatorieae,  Spirulineae,  and 

some  other  organisms  which  ate  eivdo^e^  vcv.  z,  c<^m^V.v^  ^dl- 
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wall,  or  even  in  a  hard  siliceous  coating,  as  in  the  case 
of  the  Diatomacese ;  but  it  is  believed  that  the  cause  of 
their  active  creeping  motion  must  be  that  the  protoplasm 
projects  through  their  shell  at  certain  spots,  and  can  be  put 
out  and  withdrawn  like  a  foot.  The  Oscillatorieae  consist  of 
long  filaments  which  often  oscillate  rapidly ;  and  the  Spiru- 
lineae  are  filaments  of  similar  form  which  coil  about  in  a 
great  variety  of  ways.  The  cause  of  their  movements  has 
not  been  ascertained. 

Nutation  is  the  term  given  to  those  curvatures  which  cause 
parts  of  plants  that  are  growing  in  length  to  assume  suc- 
cessively different  directions  without  any  apparent  external 
cause.  Examples  are  furnished  by  the  flowering  scapes  of  the 
onion,  Allium  Cepa^  which,  before  they  attain  their  ultimate 
length,  bend  slowly  first  to  one  side  and  then  to  another  ;  or 
still  better,  by  climbing  stems.  In  these,  such  as  the  hop  and 
the  scarlet-runner,  the  first  intemodes  do  not  twine  ;  but  when 
the  apex  of  the  stem  hangs  down  in  consequence  of  its 
weight,  it  begins  to  revolve  in  a  circle,  and  thus  to  approach 
the  support  which  it  afterwards  embraces.  The  earlier  coils 
are  hence  looser  than  the  later  ones,  which  embrace  the  sup- 
port more  closely.  These  curvatures  of  nutation  appear,  in 
general,  to  take  place  at  the  spots  where  the  tension  of  the 
tissues  is  the  greatest,  and  to  be  caused  by  the  growtli  in 
length  being  greatest  first  on  one  and  then  on  the  other  side. 

Parts  of  plants  which  are  growing  in  length  sometimes 
become,  by  long-continued  close  contact  with  a  solid  body, 
firmly  attached  or  adherent  to  it.  Instances  are  afforded  in 
the  adhesion  of  pollen-tubes  to  the  stigmatic  hairs  and  to 
the  internal  wall  of  the  ovary  \  and  in  the  climbing  and  turn- 
ing of  the  tendrils  of  many  plants  round  slender  supports. 

Tissues  in  a  state  of  tension  become  relaxed  by  con- 
cussion.    Parts  of  a  great  number  of  plants,  when  in  a  state 
of  active  growth,  undergo  a  diminution  of  the  elasticity  of 
their  tense  tissues  by  violent  shaking,  repeated  b^vv.dvcN%^  -^ 
blow  on  one  side,  or  sometimes  eveiv  svhv^Vj  Vj  '»x\^\.0«^^'^> 
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the  tissues  thus  becoming  flaccid,  and  the  parts  becom- 
ing elongated  and  bent  These  facts  can  easily  be 
established  by  experiment,  very  clearly  by  simple  observa- 
tion of  rapidly  growing  plants  shaken  by  violent  winds, 
when,  though  apparently  injured,  they  are  not  generally  so 
in  reality.  In  other  cases  of  a  similar  kind  the  extensibility 
of  the  parenchyma  is  diminished,  and  a  flaccidity,  shorten- 
ing, and  curvature  of  the  organs  occasioned.  These  changes 
are  probably  the  cause  of  the  movements  of  irritability^  as 
it  is  termed,  of  some  leaves;  although  these  phenomena 
may  also  be  due  to  other  causes,  such  as  electrical  shocks  or 
currents.  The  most  remarkable  instance  occurs  in  the  leaves 
of  the  sensitive  plant,  Mimosa  pudica.  The  bipinnate  leaves 
of  this  plant  are  united  to  thfe  stem  by  an  articulation,  as 
also  are  the  four  pinnae  and  the  separate  leaflets  to  their 
petioles  (see  Fig.  517,  p.  403).  The  primary  petiole  has  the 
greatest  scope  for  movement,  since  it  can  rise  or  fall  to 
the  extent  of  a  semicircle.  The  pinnae  move  upwards  and 
laterally,  so  that  they  lie  upon  one  another  like  parts  of  a 
fan.  The  secondary  pinnules  move  upwards,  and  close  up 
like  the  wings  of  a  butterfly  at  rest.  The  sensitive  plant 
closes  its  leaves  spontaneously  in  the  evening,  and  also  in 
the  day-time  when  excited  by  any  irritation.  This  irri- 
tability is  only  manifested  when  the  temperature  of  the 
surrounding  air  is  above  15°  C. ;  it  is  still  weak  between  16° 
and  18°,  and  appears  to  leach  its  maximum  at  30°  C.  At 
that  temperature  the  plant  is  so  sensitive  that  the  move- 
ment is  communicated  to  a  number  of  leaflets  almost  simul- 
taneously ;  while,  when  the  sensitiveness  is  less,  the  move- 
ment advances  regularly  from  the  irritated  spot.  The 
closed  leaflets  again  assume  their  normal  position  when  the 
irritation  ceases,  if  it  has  not  been  too  strong  and  conse- 
quently had  an  injurious  effect ;  and  this  takes  place  sooner 
or  later  according  to  the  vigour  of  the  plant,  commencing 
sometimes  in  as  short  a  tircve  s^s  five  minutes.  Poisons 
often  kill  the  sensitive  plarA,  aTv?fes\)cvPi\\c%,  's.wOa  ^.^  ^^^o. 


The  Life  of  the  Plant  503 

or  chloroform,  usually  temporarily  paralyse  it;  and  con- 
stant repetition  of  the  irritation  is  followed  by  a  diminution 
for  a  time  of  its  sensitiveness.  It  is  probable  that  the  tissue 
of  the  lower  side  of  the  pulvinus,  or  mass  of  succulent  tissue 
found  at  the  articulation,  contracts  after  irritation  such  as 
that  produced  by  simjple  contact,  its  cells  losing  a  large 
portion  of  their  cell-sap,  and  thus  becoming  less  turgid, 
and  giving  space  for  the  expansion  of  the  tissue  of  the 
upper  side.  A  depression  is  thus  caused  of  the  leaf 
which  is  attached  to  the  articulation ;  and  this  is  not  coun- 
teracted by  the  vascular  bundles  in  the  pulvinus  in  con- 
sequence of  their  flexibility.  A  fresh  flow  of  sap  into  the 
part  of  the  tissue  which  was  previously  emptied  then 
causes  a  fresh  elevation  of  the  leaf. 

Venus's  fly-trap,  Dioncea  mtiscipula  (Fig.  372),  a  bog- 
plant  of  N.  Carolina,  manifests  a  similar  irritability.  When 
the  upper  side  of  the  leaf,  through  which  passes  a  strong 
mid-rib,  is  irritated,  the  two  halves  of  the  leaf  close  together, 
and  remain  closed  until  the  irritation  has  ceased.  If,  there- 
fore, a  small  insect,  such  as  a  fly,  settles  upon  the  leaf,  it 
becomes  shut  in,  and  is  retained  between  the  halves  of  the 
leaf  until  it  is  dead,  and  no  longer  exercises  any  irritation 
upon  it.  It  is  believed  by  some  botanists  that  the  object 
of  the  capture  of  the  insect  is  the  nutrition  of  the  plant. 
[The  sensitive  part  in  this  case  appears  to  consist  of  three 
small  bristles  on  each  half  of  the  upper  surface  of  the  blade.] 

Closely  connected  with  these  movements  are  those  be- 
longing to  tendrils  and  tendril-like  organs.  In  their  early 
state,  before  they  have  coiled  up  backwards  or  have  clung 
to  a  support,  these  organs  are  sensitive  to  simple  and  slight 
contact  or  to  very  light  rubbing,  the  side  on  which  they  are 
touched  becoming,  after  some  minutes,  concavely  curved. 
The  bent  tendril  subsequently  straightens  itself,  and  is  then 
again  irritable.  Bent  tendrils  are  sensitive  only  on  the  con- 
cave side. 

The  stamen  of  many  Composil^e,  ^>xOci  ^"s»  Centaur ea^ 
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contract  when  irritated  before  pollination.  In  this  case  the 
cells  are  probably  altered  in  form  by  the  contact,  becom- 
ing shorter  and  broader.    The  stamens  of  Ba-berts,  when 


touched  on  the  inner  side,  spring  violently  against  the  pistil, 
•and  place  their  anthers  in  coinao,  mx\i  x\vft  ai^-ma.   Tro. 
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stamens  of  the  grass  of  Parnassus,  Parnassia  falustrisy 
lengthen  in  succession,  and  place  their  anthers  on  the 
stigma. 

The  stigmas  of  some  plants,  as  Bignoniay  Gratiolay 
Mariinia,  [Mimu/tis],  &c.,  which  are  expanded  at  the  time 
of  pollination,  close  on  contact.  A  similar  phenomenon  is 
exhibited  by  the  stigmas  of  Torenia  asiatica^  which  close 
immediately  after  pollination,  open  again  in  a  few  days,  but 
arc  then  insensitive  to  further  contact.  A  fuller  discussion 
of  the  mechanism  of  these  movements  would  take  too  much 
space ;  but  with  regard  to  their  purpose,  it  is  obvious  that 
they  are  all  closely  connected  with  the  sustenance  and  pro- 
pagation of  the  plant 

Those  parts  of  plants  in  which  there  is  generally  a  ten- 
sion of  the  tissues  exhibit  a  constant  increase  and  decrease 
in  the  degree  of  tension.  Under  the  ordinary  conditions  of 
life,  in  which  plants  are  subject  to  the  alternation  of  day 
and  night,  the  intensity  of  the  tension  declines  from  morn- 
ing till  noon,  and  rises  during  the  night,  attaining  its  maxi- 
mum in  the  morning.  The  most  beautiful  illustration  of  a 
movement  of  this  nature,  and  the  most  independent  of  ex- 
ternal influence,  is  furnished  by  the  telegraph-plant,  Des^ 
modium  gyrans^  a  southern  Asiatic  shrub.  The  leaves  of 
this  plant  are  trifoliolate,  the  central  and  largest  of  the  three 
leaflets  moving  only  in  sunshine,  and  assuming  besides 
different  positions  by  day  and  by  night ;  while  the  lateral 
leaflets,  which  are  about  one-sixth  the  size  of  the  middle 
one,  perform  almost  uninterrupted  oscillations  whenever 
the  temperature  exceeds  22°  C,  their  apices  describing 
an  ellipse.  These  oscillations,  which  are  often  very  active, 
so  as  to  recur  several  times  in  a  minute,  do  not,  however, 
proceed  uninterruptedly,  but  spasmodically,  as  if  the  plant 
were  continually  acquiring  new  strength,  or  overcoming  an 
obstacle.  Other  species  of  the  same  genus  show  similar  but 
less  active  movements.  The  most  remarkable  feature  of 
these  periodical  movements  is  that  tVvey  2it^  «:5.^^\^\^5^  Sk^t 
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dependent  of  external  circumstances  ;  the  motile  condition 
— but  not  the  movements  themselves — depends  on  the 
temperature,  the  degree  of  light,  and  the  amount  of  water 
contained  in  the  tissues.  They  always  result  from  a  period- 
ical alternate  lengthening  and  shortening,  first  of  one,  then 
of  the  other  side  of  the  motile  organ. 

Periodical  movements  are  manifested  in  many  other 
plants,  especially  in  a  strong  curving  upwards  and  down- 
wards of  the  part,  and  then  bring  about  what  are  com- 
monly known  as  the  diurnal  and  nocturnal^  or  waking  and 
sleeping  positions.  These  phenomena  are  exhibited  es- 
pecially in  the  trifoliolate  and  pinnate  leaves  of  many  Legu,- 
minosae  and  Oxalideae,  which  at  night  depress  their  common 
petioles  or  the  laminae  of  the  leaflets,  the  latter  lying  or 
closing  upon  one  another  in  a  variety  of  ways.  The  flowers 
of  some  other  plants,  as,  for  instance,  HemerocalliSy  close 
regularly  in  the  evening,  and  open  in  the  morning.  Others, 
again,  like  the  marigold,  vary  according  to  the  weather  ;  in 
clear,  dry  weather,  they  expand  their  capitula  between  six 
and  eight  in  the  morning,  and  close  them  between  four  and 
six  in  the  afternoon  ;  whilst  when  the  sky  is  perfectly  cloudy, 
or  in  rainy  weather,  they  remain  altogether  closed. 

The  regularity  with  which  these  movements  are  in  general  performed 
is  so  great  that  Linnaeus  invented  from  them  a  *  floral  clock,'  on  which, 
however,  too  much  dependence  must  not  be  placed.  He  made  a  list 
of  a  number  of  plants,  the  flowers  of  which  open  and  close  at  a  particular 
time  of  the  day.  Thus  the  flowers  of  the  goatsbeard,  Tragopogon pratensisy 
open  from  3  to  5  a.m.  ;  of  the  chicory,  Cichorium  Intybus,  from  4  to  5  ; 
of  the  dandelion,  from  5  to  6 ;  of  the  lettuce,  after  7  ;  of  the  pimpernel, 
Anagailis  arvensis^  after  8 ;  of  Calendula  arvensis^  from  9  to  10 ;  of 
Heffzerocallis  Jlava,  from  I o  to  li  ;  of  the  tiger-lily,  Tigridia  pavonia, 
from  II  to  12;  those  of  Hieracium  murorum  close  after  2  p.m.  ;  ot 
Anagallis  arvensis  after  3,  &c. 

These  periodical  movements  are  often  confounded  with 

the  curvatures  of  periodically  motile  organs,  caused  by  their 

exposure  alternately  to  a  greater  and  less  intensity  of  light 

Thus,  for  example,  sudden  lemoval  of  light  causes  the 
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leaflets  of  the  bean  to  be  depressed,  those  of  the  clover  to 
be  bent  sideways;  while  sudden  exposure  to  light,  or  in- 
crease in  its  intensity,  produces  the  opposite  effect.  The 
leaves  of  Oxalis,  on  the  other  hand,  assume  the  nocturnal 
position  in  direct  sunlight.  Curvatures  of  this  nature, 
caused  by  light,  are  called  paratonic. 

While  paratonic  curvatures  are  caused  only  by  the  pre- 
sence or  absence  of  light,  and  are  independent  of  the  direc- 
tion in  which  the  light  falls  upon  the  plant,  the  contrary  is  . 
the  case  with  heliotrapic  curvatures,  which  occur  only  on  the 
side  from  which  the  strongest  illumination  comes.  If  the 
side  which  faces  the  source  of  light  curves  concavely,  the 
effort  after  light,  or  heliotropism^  is  said  to  be  positive ;  if 
convexly,  it  is  negative.  The  former  phenomenon  is  ex- 
hibited by  most  intern  odes  of  erect  stems  which  are  in  ac- 
tive growth,  and  especially  by  petioles,  which  by  this  means 
place  the  surface  of  the  leaf  in  such  a  position  that  it  will 
receive  the  greatest  possible  amount  of  light.  It  may  be 
seen  very  strikingly  in  plants  grown  in  a  window,  which  at 
length  become  quite  crooked,  from  their  young  parts  which 
face  the  light  becoming  rigid  in  this  position.  Com- 
paratively few  parts  of  plants  are  negatively  heliotropic  ; 
examples  occur  in  the  tendrils  of  the  grape-vine,  and  in 
older  branches  of  the  ivy,  which  by  this  means  become 
firmly  adpressed  to  their  support  Heliotropic  curvature 
does  not  contract  the  part  of  the  plant;  but  in  positive 
heliotropism  the  shaded  side  elongates  from  more  active 
growth  more  rapidly  than  the  side  which  faces  the  light ;  [in 
negative  heliotropism  the  reverse]. 

One  other  phenomenon  must  be  mentioned  in  this  con- 
nection, viz.^  that  known  as  geotropism,  or  the  tendency  to 
grow  away  from  or  towards  the  centre  of  the  earth.  Parts 
of  plants  which  are  still  growing  in  length  tend  to  place 
themselves  in  such  a  position  that  the  direction  of  their 
growth  is  vertical,  or  coincides  with  the  direction  erf  the 
force  of  gravitation.     If  the  growing  pax\.  eom\^v^  ^  XiSW^'ei^^ 
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in  which  there  is  no  tension,  as  is  the  case  with  roots,  it  will 
simply  follow  the  direction  of  gravitation,  and  its  apex  will 
direct  itself  vertically  downwards.  But  when  the  growing  part 
consists  of  layers  of  tissue  in  a  state  of  tension,  a  change 
takes  place  in  the  tension  of  the  tissues  and  in  the  direction 
of  growth,  which  causes  the  under  side  of  the  curved  part 
to  grow  more  vigorously  than  the  upper  side,  and  conse- 
quently tends  to  force  the  apex  upwards.  The  erect  growth 
of  most  stems  is  a  result  of  this  force  of  geotropism. 


GENERAL   CONDITIONS  OF  PLANT-LIFE.* 

Very  little  is  at  present  known  with  regard  to  the  general 
bearing  of  plants  as  respects  heat\  for  example,  with  re- 
gard to  their  power  of  conducting  heat,  or  to  the  changes 
in  volume  of  masses  of  tissue  and  individual  cells  through 
the  influence  of  temperature ;  but  somewhat  more  on  the 
influence  of  different  degrees  of  temperature  on  the  various 
vital  phenomena  of  plants.  On  this  point  the  following 
important  laws  have  been  established : — All  functions  of  the 
organs  of  a  plant  are  brought  into  play  only  when  the  tem- 
perature rises  to  a  certain  height  above  the  freezing-point  of 
the  sap.  When  the  temperature  begins  to  rise  above  this 
lower  limit,  the  functions  begin  to  be  exercised  with  an 
increasingly  greater  energy,  until  at  a  certain  height  the 
point  of  the  greatest  vital  activity  is  attained.  With  a 
further  increase  of  temperature  above  this  point,  both  the 
rapidity  and  the  energy  of  the  functions  again  decrease, 
until,  at  length,  they  completely  cease  at  a  definite  maxi- 
mum of  temperature,  which  can  apparently  never  be  per- 
manently higher  than  50°  C. 

Beneath  a  covering  of  snow,  or  at  a  temperature  below  zero  C, 
scarcely  anything  grows.  The  few  perennial  plants  which  blossom  with  us  in 

*  This  section  is  taken  in  the  main  from  Sachs's  Textbook  of  Botany^ 
Book  IIL,  chap.  iii. 
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the  winter,  as  the  Christmas  rose  and  hepatica,  freeze  when  the  tempera- 
ture falls  below  zero  at  any  stage  of  their  growth,  which  begins  again 
as  soon  as  they  thaw.  The  extraordinarily  rapid  growth  of  Alpine 
and  Arctic  plants  in  spring  depends  on  a  long  anterior  development  of 
their  floral  organs  in  the  preceding  autumn.  The  green  sods  and  the 
great  number  of  leafy  plants  which  appear  as  soon  as  snow  melts,  only 
show  that  the  number  of  evergreen  plants  is  larger  than  is  generally 
supposed.  Growth  is  entirely  dependent  on  the  atmosphere ;  hence 
the  blooming  of  willows  and  rhododendrons  whose  roots  and  stems  are 
still  frozen,  as  well  as  the  development  of  the  so-called  *  red  snow,'  the 
Alga  Protococcus  (Palmdla)  nivalis,  on  the  surface  of  the  snow.  Neither 
the  lowest  nor  the  highest  temperature  at  which  plants  can  exist  has  yet 
been  determined.  It  would  appear,  however,  that  water  must  not  be 
above  40°  C.  for  plants  to  be  able  to  live  in  it.  Plants  living  in  the 
air,  on  the  other  hand,  will  endure  for  some  time  a  temperature  of  from 
48°  to  49°  C.  ;  at  51°  they  are  killed  in  from  10  to  30  minutes.' 

The  growth  of  the  embryo  at  the  expense  of  the  reserve-materials 
stored  up  in  it,  begins,  with  wheat  and  barley,  at  about  5°  C.  ;  with 
the  scarlet-runner  and  maize  at  9° '4;  with  the  pumpkin,  Cucurbiia  PepOy 
not  below  13° '7  C.  But  when  the  reserve-materials  have  been  con- 
sumed, a  higher  temperature  is  apparently  always  necessary  to  enable 
growth  to  proceed  by  means  of  freshly  assimilated  material.  The 
highest  temperature  at  which  germination  can  take  place  is  about 
42°  C.  for  the  scarlet -runner,  maize,  and  pumpkin  ;  37®  to  38°  C.  for 
wheat,  barley,  and  peas. 

The  lowest  temperature  at  which  the  chlorophyll-bodies  turn  green 
is  above  6°  C.  in  the  scarlet-runner  and  maize;  between  7°  and  11® 
C.  for  Pihus  pinea ;  and  the  highest  at  which  leaves  already  formed 
and  still  yellow  turn  green  is  above  33°  C.  The  cold  of  winter  often 
occasions  a  winter-colouring  in  evergreen  plants.  This  is  caused  :  (i) 
by  a  brown  colouring,  in  consequence  of  a  peculiar  transformation  of  the 
blue-green  constituent  of  chlorophyll,   as   in  Coniferae  and  the  box ; 

(2)  by  a  red  colouring,  in  consequence  of  the  formation  of  a  red  pig- 
ment Soluble  in  water  and  imbedded  in  balls  of  tannin,  as  in  Mahonia ; 

(3)  by  a  change  in  colour  of  the  chlorophyll  itself  by  the  shifting  and 
collecting  into  masses  of  the  grains  of  chlorophyll ;  this  occurs  in  all 
plants.     A  higher  temperature  restores  the  normal  condition. 

The  exhalation  of  oxygen  and  consequent  assimilation  begin,   in 

^  [A  few  Algae  of  low  organisation  appear  to  be  able  to  withstand  a 
temperature  of  nearly  or  quite  boiling  water  •,  as  do  ^iXsKi  ^oxcv^  '^xiSN?^^ 
as  Bacteria,  and  fungus-spores. — Ed.^ 
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the  case  of  Potamogeton^  between  io°  and  15°  C. ;  in  Vallisneria  above 

The  sensitiveness  and  periodical  movements  of  the  leaves  of  the 
sensitive  plant  do  not  begin  till  the  temperature  of  the  surrounding  air 
exceeds  15°  C.  ;  the  rapid  periodical  movements  of  the  lateral  leaflets 
of  the  leaf  of  Destnodium  gyrans  only  at  a  temperature  above  22°  C. 
The  action  of  higher  temperatures  on  the  sensitiveness  of  the  leaves 
of  Miniosa  depends  on  the  continuance  of  the  warmth  ;  in  air  of  40° 
C.  they  become  rigid  within  an  hour  ;  at  45°  C.  within  half  an  hour  ; 
at  50°  C.  in  a  few  minutes,  but  may  again  become  sensitive  when  the 
temperature  falls.  A  temperature  of  52^  C.  causes  peimanent  loss  of 
motility  and  death. 

The  lower  limit  of  temperature  for  the  motility  of  the  protoplasm 
in  Nitella  syncarpa  is  zero  ;  for  the  hairs  of  the  pumpkin  10°  to  1 1°  C. 
The  upper  limit  is  37®  C.  in  the  former  case  ;  in  the  latter  the  current  is 
arrested  within  two  minutes  when  immersed  in  water  of  46°  or  470  C. ; 
in  water  above  that  temperature  within  a  minute  ;  in  the  air,  exposure 
to  a  temperature  of  49^  or  50°  C.  for  ten  minutes  does  not  stop  the 
current. 

The  absorption  of  water  through  the  roots  is  also  subject  to  certain 
limits  of  temperature.  The  roots  of  the  tobacco  and  pumpkin,  for 
example,  do  not  absorb  sufficient  water  in  a  moist  soil  of  from  3°  to  5° 
C.  to  replace  the  small  loss  caused  by  evaporation,  the  leaves  hanging 
in  a  flaccid  condition  in  consequence  of  the  cessation  of  their  turgidity. 

The  rapidity  and  intensity  of  the  vital  functions  are  not  in  proportion 
to  the  increase  of  temperature.  The  rate  of  growth  of  the  roots  of  a  seed- 
ling of  maize  attains  its  maximum  at  27° -2  C.  ;  of  the  pea,  wheat,  and 
barley  at  22° '8  C.  The  sensitiveness  of  the  leaves  of  Mimosa  reaches 
its  maximum  at  30°  C. ;  the  rapidity  of  the  movement  of  the  protoplasm 
in  Nitella  syncarpa  at  37°  C. 

If  the  limits  of  temperature  mentioned  above  are  passed, 
the  vital  functions  of  the  plant  may  simply  come  to  rest, 
as  is  the  case  with  perennial  plants  during  the  winter  season; 
or  permanent  changes  are  brought  about  in  the  plant  or  in 
parts  of  it,  resulting  in  injury  or  death.  The  fatal  injury  in- 
flicted on  cells,  both  by  too  high  a  temperature  and  by 
freezing,  is  a  consequence  of  their  containing  water. 

Air-dry  peas  can  resist  a  temperature  of  over  70°  C.  for  above  an 

hour  wiihowt  losing  their  power  of  germination ;  soaked  in  water  for 

an   hour  and   exposed  to  a  tempeialuie  ol  5'$^  w  ^fi?  ^-»  they  are 
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Icilled.  The  cause  of  death  may  be  partly  the  coagulation  of  the  al- 
buminoids, while  the  decomposition  of  the  cell-wall  is  perceptible  only 
at  higher  temperatures.  Air-dry  seeds  appear  to  be  able  to  -withstand 
any  degree  of  cold  without  injury  to  their  power  of  germination.  The 
winter-buds  of  woody  plants,  the  cells  of  which  contain  a  great  quantity 
of  reserve-materials  but  only  a  small  quantity  of  water,  withstand  the 
cold  of  winter  and  frequent  rapid  thawing  ;  while  the  succulent  leaves  at 
the  time  of  their  unfolding  in  the  spring  succumb  to  a  slight  night-frost. 
Many  plants,  such  as  Lichens,  Mosses,  Fungi  of  a  leathery  texture,  the 
mistletoe,  and  some  others,  appear  never  to  freeze  ;  while,  on  the  other 
hand,  many  flowering  plants  from  a  southern  climate  are  killed  by  rapid 
changes  of  temperature  near  the  freezing  point.  Whether  the  tissue  of 
a  plant  can  be  killed  simply  by  the  solidifying  of  the  water  of  its  cell- 
sap  into  crystals  of  ice  is  uncertain  ;  while,  on  the  other  hand,  it  is  un- 
questionable that  in  a  great  number  of  plants  death  is  caused  only  by 
the  mode  in  which  the  thawing  takes  place.  The  same  tissue  which 
retains  its  vitality  if  thawed  slowly  after  freezing,  becomes  decomposed 
if  thawed  rapidly  after  exposure  to  the  same  degree  of  cold  ;  so  that 
death  is  evidently  in  this  instance  the  result  not  of  the  freezing  but  of 
the  thawing.  Moreover,  the  lower  the  temperature  at  which  the  freez- 
ing took  place,  the  sooner  is  the  plant  killed  by  the  freezing  as  well  as 
by  the  thawing.  A  common  but  not  invariable  result  of  the  freezing  of 
the  cell-sap  is  that  internal  cells  or  layers  of  tissue  are  niptured  ;  but 
these  internal  rupturings  do  not,  as  was  once  supposed,  always  cause 
death  ;  they  have  as  little  to  do  with  the  destruction  of  the  life  of  the 
cells  by  cold  as  the  splitting  of  the  branches  of  the  trees  caused  by 
frost,  which,  when  the  temperature  falls  very  low,  is  produced  by  the 
contraction  of  the  bark  and  outer  layers  of  wood,  the  crevices  again 
closing  when  the  temperature  rises.  The  phenomena  of  freezing  are, 
however,  at  present  but  imperfectly  understood. 

The  entire  life  of  the  plant  depends  on  the  action  of 
light  on  the  cells  which  contain  chlorophyll,  since  this  action 
is  essential  to  the  formation  of  new  organic  compounds  out 
of  the  absorbed  nutrient  substances.  But  when  a  certain 
quantity  of  assimilated  substance  has  been  produced  under 
the  influence  of  light,  a  long  series  of  vegetative  processes 
may  be  carried  on  at  its  expense  without  any  further  direct 
action  of  light 

The  growth  of  new  organs  and  the  metastases  ccrwcvacXft^  ^>J^  *^ 
which  takes  jpisice  in  the  parts  that  do  nol  coxv\,2i\tv  Oc\oxo^'^'^,  ."^^^ 

P  2 
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wliich  u  maintained  by  the  process  of  respiration,  is  to  a  certain  extent 
in(lc[)cn(lent  of  light,  as  is  shown  by  the  germination  in  the  dark  of 
seeds,  tubers,  and  bulbs.  But  even  leafy  plants  which  have  accumulated 
a  sufTicicnt  quantity  of  reserve*material  in  the  light,  put  out  shoots,  and 
even  flowers  and  fruits,  when  placed  in  the  dark.  If,  for  example,  the 
growing  end  of  a  branch  of  a  green>leaved  plant,  such  as  a  pumpkin  or 
TivfHColum^  is  made  to  grow  into  an  opaque  receptacle,  the  green  leaves 
remaining  still  exposed  to  light,  the  buds  will  continue  to  develope  in 
the  <lnrk,  and  new  leaves  and  flowers  to  be  formed  which  attain  their 
full  size  and  colour,  the  latter  even  producing  fruits  and  fertile  seeds. 
It  is  only  rarely  that  the  seclusion  from  light  produces  any  perceptible 
cfTcct  on  the  development  of  the  plant ;  though  sometimes  the  flowers 
which  arc  pnxUicetl  in  the  dark  have  an  abnormally  light  colour.  All 
this  takes  place  at  the  expense  of  the  food-material  conveyed  to  them 
thn>ugh  the  stem,  which  had  been  previously  assimilated  by  the  leaves  ex- 
jH>se<l  to  light.  In  the  same  manner  the  undergi-ound  parts  of  parasitic 
plants,  or  thtvsc  otherwise  secluded  from  the  influence  of  light,  carry 
on  their  existence  to  a  certain  extent  independent  of  light ;  but  are 
ncNXTthelcss  indirectly  doj^endent  upon  it,  because  they  are  nourished 
by  sultstanccs  which  could  only  l>e  foniietl  under  the  influence  of  light. 
The  earliest  development  of  the  plant  seems  to  be  even  promoted  by 
the  «l«encc  of  light  or  by  shade.  Thus,  for  example,  roots  are  formed 
on  the  stems  of  tV?.'/*.^  Tn^p^tc^Hmy  ^^c  which  grow  in  the  dark,  where 
ihey  \^\wM  ne\*er  Iw  formeii  in  the  light.  The  lower  Algje  assimilate 
in  ihe  daytime,  and  fom>  s\vtum>sjx>res  in  the  night,  or,  when  placed  in 
the  dark,,  cvc»^  in  the  day-time.  The  moNx^meni  of  ihe  protoplasm  on 
which  the  foroiattiM^  of  the  s\\Mumv^)x>r«  dcpej>ds  is  not  caused  directly 
by  the  inrtttcnce  H,>f  rujht,  l>«t  is  j-athcr  inicrrupicvi  by  ii.  The  direction 
of  the  TOovcnvent^  of  the  su-aiTO<5V4vs  siaixis  how^xier,  in  a  definite 
K^latVtW  to  li^t,  their  awecior  ea^d  bein^  al\»-A\N:  tunicc:  towards  it.  It 
ha^  JvcvcTtWlcss,  Vcn  v^VtservT^i  in  .<x\n^e  cases  thit  they  have  a  tendency 
to  c^^^l<^rl  w^cw  there  is  a  a«\5iam  intensity  t\f  lig^.t.  avoiding  Kxh  deep 
$Ka<^c  a3>d  Ivr^t  >4inl>^t.  Tlw  cJiK^s•o)^yi^Sv5ics  endowed  within 
<»Jls  ait'  sii^i^vM,  in  Stw^c  )VkTftt<s  as  Sir^'ir:/;''iA  ,^:i^i::fTfxw^  to  a  change 
<yr}V»J^tioB^  WiT^g  catTiisi  by  tW  canvj«>i  v\f  ^^a-.-ti.vp^sjni  tr»  tbe  regicai  of 
Kt^g4»Ka  l^j^s  FinjOV  t>jc  ?>iwaj»!!  iii>»i:  .-^^  ^^'iir.tv  i>  d:o§eaher  de- 
ttrttm*ed  >x  ti>e  *5ii3tvT  iiCii^i)cgrK>r  *sf  ^^ii:^.  The  -"Ti:«T)Ar.cs  of  the  sctems 
oiri>l<fl»c>«v5  09-  «3*^littN5  ptoTS  ^•t^>nr,  ^75  tV  .^,^rV  irt  cccr.  eloingated  to 
tt^  <«•  l>*w>Ty  tmxs  tijtw  tMv^iwtix-  itTii:^^:: :  ^V:V  Vix-cs  cc"  r>3Cc<i>-jedons 
«f>d  Fw^fiJi.  >«^>c>s  a-ne  ^ticiirjaain^v  V**^^  iT^.x  "hrir^cihi*.^.  :tTnain,  irben 
4gWW»  >■»  T>«'  4a:^  :wmarVaK!>:-  :smtT^.     Vt>o^:  t>»i^  crcormsiiLnces  the 
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normal  size;  the  leaves  of  .Ferns  do  not  even  unfold,  and  attain  only 
^  or  even  yj^  of  their  normal  superficial  development  in  the  light. 

White  daylight  consists  of  a  mixture  of  rays  of  light, 
differing  in  their  colour  and  their  reftangibility ;  and  it 
might  be  expected  that  the  action  of  the  different  rays  on 
the  vital  processes  of  the  plant  would  not  be  the  same. 
This  is  illustrated  by  the  accompanying  diagram  (Fig,  373). 


\  nV  I'  n'l 
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The.most  important  chemical  piocess  in  the  plant,  the  decomposition 
of  carbon  dioxide  in  the  cells  which  contain  chlorophylland  the  elimina- 
tion of'  oxygen  resulting  from  it,  proceeds  almost  as  energetically  as  in 
white  daylight,  in  a  mixture  of  orange,  yellow,  atid  green  light  which 
acts  only  slightly  and  very  slowly  on  photographic  paper.  Blue,  violet, 
and  the  ultra-violet  rays,  on  the  contrary,  which  at  once  colour  photo- 
graphic paper  a  deep  brown,  have  no  or  very  Utile  effect  on  the  elimina- 
tion of  oxygen.'    The  same  relationship  towards  light  has  been  shown 
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to  exist  in  the  formation  of  starch  in  the  grains  of  chlorophyll  in  the 
case  of  some  Algae ;  and  the  starch  already  formed  in  the  chlorophyll 
even  disappears  in  a  mixed  blue  light  as  in  the  dark.  The  green  colour 
of  Monocotyledons  and  Dicotyledons  may  be  produced  by  rays  belong- 
ing to  all  parts  of  the  spectrum  ;  but  the  action  of  the  yellow  rays  is  by 
far  the  most  powerful  ;  the  red  and  the  green  have  less  power,  while 
the  blue,  violet,  and  ultra-violet  ;ict  very  slowly.  The  action  of  light 
on  the  change  in  the  tension  of  the  tissues  by  which  positive  heliotropic 
curvatures  are  brought  about,  belongs  to  the  more  refrangible  (blue  and 
violet)  rays ;  the  red  and  orange  appear  to  be  altogether  inefficient. 
The  same  is  the  case  with  paratonic  irritation  and  the  periodical  move- 
ments of  the  leaves  of  various  plants,  as  the  scarlet-runner  and  Oxalis. 
On  the  movement  of  swarmspores  the  less  refrangible  (red  and  orange) 
rays  act  like  darkness,  while  the  direction  of  the  movement  is  deter- 
mined by  the  blue  and  by  the  still  more  refrangible  violet  and  ultra- 
violet rays. 

Light  from  other  sources  than  the  sun,  as  that  of  lamps  of  various 
kinds  or  of  a  body  glowing  in  an  electric  current  (lime-light),  appears, 
from  observation,  to  have  the  same  effect  as  sunlight,  provided  that  the 
intensity  and  refrangibility  of  the  rays  are  the  same. 

The  chemical  processes  within  the  cells  of  a  plant,  the  molecular 
movements  connected  with  growth,  and  the  internal  changes  on  which 
the  activity  of  the  protoplasm  depends — whether  exhibited  in  the 
formation  of  new  cells  or  in  motility — are  probably  connected  with 
disturbances  of  the  electrical  eqtiilibrium.  The  fluids  of  different 
chemical  properties  in  adjoining  cells,  the  diffusion  of  salts  from  cell  to 
cell,  their  decomposition,  the  evolution  of  oxygen  from  cells  con- 
taining chlorophyll,  the  formation  of  carbon  dioxide  in  growing  organs, 
and  the  process  of  transpiration : — all  these  vital  processes  must  produce 
electrical  currents  ;  although  this  fact  has  not  yet  been  experimentally 
determined  or  accurately  investigated.  It  has,  however,  been  established 
that  the  internal  tissue  of  land-plants  is  always  electro-negative  to  the 
strongly  cuticularised  surface,  and  that  a  similar  relationship  subsists 
between  the  surface  of  roots  saturated  with  sap  and  ^he  surface  of  the 
stem  and  leaves.  Electrical  currents  which  are  not  too  strong  only 
temporarily  arrest  the  motility  of  protoplasm  and  the  movements  of  the 
sensitive  parts  of  plants,  while  stronger  currents  destroy  the  life  of  the 
protoplasm,  and  hence  of  the  plant. 

in  the  combination  of  chlorine  and  hydrogen  into  hydrochloric  acid,  the 

colouring  of  photographic  paper,  &c.     But  with  reference  to  the  vital 

processes  of  the  plant  this  term\smaccwx^Ve,3itv^  o>\^\.\.Q\i^  ^V^^wdoned. 
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Since  gravitation  acts  uninterruptedly  on  every  part  of  the  plant, 
all  the  parts  must  be  so  contrived  as  to  diminish  the  influence  of  this 
force  ;  and  we  find,  in  fact,  in  the  organisation  of  the  plant,  a  number 
of  contrivances  for  this  purpose.  The  firmness  and  elasticity  of  the 
wood  of  erect  stems  ;  the  uniform  distribution  on  all  sides  of  the  weight 
of  the  foliage  and  of  the  branches ;  climbing  and  twining  intemodes 
which  are  sensitive  to  contact,  and  the  various  other  contrivances  that 
enable  slender  stems  to  climb  which  could  not  otherwise  maintain 
themselves  in  an  erect  position  under  the  weight  of  their  leaves  ;  the 
floating  apparatus  of  floating  plants,  such  as  the  air-bladders  in  the 
fronds  of  Fttcus  and  in  the  leaf-stalk  of  Trapa^  and  those  of  Utricularia 
(Fig.  356,  p.  185),  the  floating  apparatus,  such  as  the  pappus  or  wings, 
of  many  seeds  and  fruits ;  and  a  number  of  other  specialities  of  organisa- 
tion, all  serve  to  counteract  the  weight  of  the  plant,  and  to  prevent  its 
sinking  to  the  ground  where  this  would  be  unfavourable  to  the  other 
functions  of  the  plant.  Under  the  head  of  the  tension  of  tissues  it  has 
already  been  mentioned  that  young  and  weak  plants  in  which  there  is 
no  tension  tend  to  grow  downwards  in  accordance  with  the  force  of 
gravitation  ;  while  those  in  which  there  is  tension  have  a  tendency  to 
grow  erect ;  and  this  is  the  reason  why  roots  in  general  grow  down- 
wards and  stems  upwards.  But  the  influence  of  gravitation  on  plants 
is  not  yet  exhausted,  since  it  opposes  a  resistance  to  all  internal  move- 
ments, such  as  those  of  water  and  of  the  cell-sap  whenever  their  direction 
is  upwards,  which  resistance  the  plant  must  overcome  by  its  internal 
forces.  Light  and  gravitation  are  the  forces  which  give  to  the  separate 
parts  of  plants,  such  as  the  stem  and  leaves,  their  normal  position, 
whether  erect  or  horizontal,  and  therefore,  along  with  the  arrange- 
ments of  the  buds  and  leaves,  impart  to  plants  what  is  termed  their 
Habit. 

From  the  infinite  variety  of  the  conditions  of  life,  it  is 
evident  that  plants  must  possess  a  certain  power  of  adapta- 
tion to  their  external  conditions. 

This  is  seen  especially  clearly  in  amphibious  plants,  which  live 
sometimes  in  water,  sometimes  on  dry  ground  ;  and  in  climbing  plants. 
Thus  for  example,  the  terrestrial  form  of  Polygonum  amphibium,  with 
its  erect  stem  and  shortly-stalked  narrow  hispid  leaves,  is  easily  trans- 
formed, by  simply  transplanting  into  water,  into  the  floating  form  with 
floating  long-stalked  glabrous  leaves.  The,  branches  of  the  terrestrial 
form  then  soon  cease  to  grow,  their  leaves  dry  up,  and  the  tia^K  "^\sw!fi^ 
of  the  floating  form  is  developed  from  lYie  xYazoto!^ 
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ABNORMAL  VITAL  PHENOMENA  AND  CONSEQUENT  • 
ABNORMAL  DEVELOPMENTS. 

That  section  of  botany  which  treats  of  the  abnormal 
•vital  phenomena  and  the  consequent  abnormal  developments 
of  plants,  is  called  Vegetable  Pathology  \  and  may  be  divided 
into  two  subdivisions,  Teratology  or  the  study  of  malforma- 
tions, and  Nosology  or  the  diseases  of  plants.  The  former  is 
concerned  with  deviations  from  ordinary  structure  in  the 
organs  of  the  plant,  the  latter  with  variations  in  the  vital 
functions.  This  whole  subject,  therefore,  independently  of 
its  practical  importance,  is  also  of  great  scientific  interest, 
the  former  part  especially  in  relation  to  morphology,  the 
latter  to  physiology.  It  is,  however,  impossible  to  draw 
any  sharp  line  of  demarcation  between  malformation  and 
disease,  and  often  one  cannot  be  conceived  without  the 
other. 

The  causes  of  the  phenomena  now  under  consideration 
lie  in  a  want  of  conformity  of  the  plant,  partly  to  the  con- 
ditions of  its  environment,  partly  to  those  of  other  plants, 
and  partly  also  in  injuries  inflicted  by  animals.  In  a  cer- 
tain sense  also,  treatment  by  man  may  be  a  source  of  ab- 
normal vital  phenomena ;  inasmuch  as  he  prescribes  the 
conditions  in  which  the  plant  shall  grow.  Most  cultivated 
plants  live  in  conditions  which  were  foreign  to  their  uncul- 
tivated ancestors,  and  they  have  frequently  undergone  such 
change  that  their  parentage  cannot  be  recognised.  It  is, 
indeed,  often  the  object  of  cultivation  to  cause  such  devia- 
tions. Thus,  the  brussels-sprout  is  cultivated  on  account 
of  the  monstrous  edible  thickening  of  the  stem,  and  the 
cauliflower  on  account  of  its  peculiarly  metamorphosed  in- 
florescence. A  very  high  cultivation  produces,  however,  other 
modifications  besides  those  aimed  at,  and  less  desirable  in 
themselves.  Thus,  there  is  no  doubt  that  the  cultivation  of 
fruit-trees  has  resulted  m  an  ervfee)o\^iftfi.Tv\.  o^  vVv^v:  ve^e- 
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tative  organs,  and  a  shortening  of  the  duration  of  their  lives. 
The  same  is  the  case  with  those  plant?  which  man  has 
transplanted  from  warmer  to  colder  climates  or  the  reverse, 
or  has  attempted  to  acclimatise.  In  order  to  understand 
this,  it  is  only  necessary  to  observe  the  weakly  specimens  of 
tropical  plants  in  our  conservatories,  and  to  compare  with 
them  drawings  made  in  the  primeval  forests  of  their  native 
country.  In  short,  it  may  be  assumed  that  all  cultivated 
plants  are,  to  a  certain  extent,  disposed  to  deviate  from 
their  ordinary  structure ;  and  it  cannot,  therefore,  be  won- 
dered at,  that  they  are  especially  liable  to  malformations  and 
diseases. 

Attention  must  first  be  directed  to  those  deviations 
which  are  caused  by  atmospheric  influences,  or  by  the 
nature  of  the  soil.  Light,  warmth,  and  moisture,  as  well  as 
the  nature  and  chemical  composition  of  the  soil,  are  here 
the  active  factors  ;  but  as  to  how  these  act  very  little  is  at 
present  known,  except  what  has  already  been  said  in  the 
section  on  the  general  conditions  of  plant  life  (see  p.  208). 
The  changes  brought  about  by  these  influences  affect  the 
size  and  number,  the  arrangement  and  shape  of  the  indivi- 
dual organs,  in  short,  the  external  form  of  the  plant;  but 
they  also  cause  an  abnormal  activity  of  cells,  from  which 
results  a  more  or  less  complete  disturbance  of  metastasis 
and  of  the  processes  of  life. 

The  change  in  size  may  be  partly  due  to  abortion^  partly 
to  an  abnormal  increase  in  size  of  the  organs.  The  abortion 
of  the  primary  axis  shows  itself,  as  a  rule,  only  in  the  form 
of  dwarfing,  that  of  larger  or  smaller  branches  occurs  in  its 
purest  form  in  the  production  of  spines.  Several  families 
of  plants,  such  as  the  Rosaceae,  are  especially  distinguished 
by  the  frequency  of  branch-spines  whenever  the  species 
grow  on  sterile  ground.  Like  the  branches,  the  leaves  can 
also  degenerate  into  spines.  Thus,  many  species  of  Ber- 
berideae  and  Grossularieae  develope  spines  in  the  place  oC 
particular  leaves;  and  these  ofteT\,  as  m  \>c\^  %o<^^€^^xv^^ 
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remind  one  in  their  form  of  the  three  or  five-lobed  leaf. 
The  abortion  of  leaves  does  not,  however,  always  lead  to 
the  production  of  spines.  In  many  species  of  acacia  the 
lamina  is  so  little  developed,  that  often  nothing  remains 
but  the  petiole,  which  is  then  called  a  phyllode ;  and  in. 
some  species  this  transformation  of  the  leaf  is  so  common 
that  it  can  scarcely  be  considered  as  abnormal.  All  these 
peculiarities,  so  far  as  they  are  not  hereditary,  i.e,  trans- 
mitted through  the  seed,  are  due  to  the  poverty  of  the  soil. 
As  poverty  of  soil  leads  to  abortion,  so  an  unusual  increase 
in  development  of  the  axial  or  foliar  organs  is  usually  the 
result  of  too  powerful  nutrition  ;  either  the  transmission  of 
nutrient  substances  from  the  soil  is  in  itself  too  abundant, 
or  a  want  of  due  proportion  between  the  parts  above 
and  below  the  surface  is  caused  by  too  vigorous  cutting 
away  of  branches  or  leaves.  The  latter  course  is  generally 
pursued  by  gardeners,  who  aim  at  obtaining  unusually 
large  fruits  or  flowers  by  cutting  away  blossoms,  young 
fruits,  leafy  shoots,  &c.  Finally,  it  has  already  been  stated 
that  an  unusual  development  of  the  stem  may  result  from  a 
deficiency  of  light ;  and  this  is  always  the  case  in  the 
etiolated  parts  of  many  plants. 

Abnormalities  in  the  number  of  organs  are  not  un- 
common. In  the  clover,  for  example,  an  increase  in  the 
number  of  leaflets  of  the  normally  trifoliolate  leaf  is  frequent 
In  the  dedoublement  or  '  doubling '  of  flowers  again,  to  which 
more  particular  reference  will  be  made  hereafter,  in  addition 
to  the  transformation  of  one  of  the  floral  organs  into 
another,  as  stamens  into  petals,  there  is  generally  also  a 
multiplication  of  the  floral  whorls  ;  for  example,  in  place 
of  a  single  whorl  of  stamens,  two  whorls  of  petals,  &c.,  as 
happens  in  the  pink,  which  has  normally  only  five  petals 
and  ten  stamens,  but  when  double,  often  twenty  or  more 
petals.  The  change  in  the  relative  number  of  parts  is  not 
howeyer,  always  in  the  way  of  increase,  but  as  often,  per- 
haps,  of  a  diminution  of  the  xiurcibei  oi\!cv^oi%^Tv% concerned. 
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Every  part  of  the  plant  has,  when  young,  the  power  of 
adhering  to  others  in  its  growth,  and  does  actually  do  so 
whenever  its  formative  tissue  or  cambium  comes  into  con- 
tact with  that  of  other  parts.  This  fact,  so  important  for 
the  processes  of  grafting,  budding,  &c.,  is  also  of  some 
importance  in  this  connection,  because  very  peculiar 
malformations  often  result  from  such  adhesions  in  growth 
between  neighbouring  plants  or  parts  of  plants.  It  is  very 
common,  for  instance,  to  find  the  pinnae  of  Gleditschia  tria 
canthos  united  with  one  another  in  such  a  manner  that  the 
bipinnate  leaf  becomes  a  simply  pinnate  or  even  a  simple 
leaf.  Separations  of  organs  which  are  normally  united  in 
their  growth  also  sometimes  occur.  If,  for  example,  a  mal- 
low is  made  by  prolonged  cultivation  to  become  double, 
this  change  begins  by  the  filaments  which  were  previously 
united  into  a  single  bundle  separating  from  one  another, 
each  stamen  then  becoming  transformed  into  one  or  more 
petals. 

Of  much  greater  importance  than  changes  in  the 
number,  size,  and  position  of  the  parts  of  plants,  are  those 
which  relate  to  their  form.  The  most  common  and  in- 
teresting change  of  this  kind  in  the  stem  is  the  phenomenon 
known  as  fasciation.  This  consists  either  in  the  stem  be- 
coming flattened,  and  hence  assuming  a  ribbon-like  form, 
or  in  its  beginning  to  divide  irregularly  into  a  number  of 
branches,  which  at  once  coalesce  laterally  with  the  main 
branch,  [or  from  the  cohesion  of  a  number  of  buds].  Fasci- 
ation occurs  especially  in  ground  that  has  been  excessively 
manured,  and  hence  very  commonly  in  cultivated  plants. 
In  them  it  is  often  inherited  through  the  seeds,  as,  for  ex- 
ample, in  the  garden-plant  known  as  *  coxcomb,'  Celosia 
cristata,  and  in  the  cauliflower,  in  which  the  thickened 
fleshy  branches  of  the  inflorescence  have  coalesced  to  form 
a  head  or  mass  covered  in  the  upper  part  with  abortive 
flowers.  As  in  the  last  case,  abortion  is  almo?»t  ^.V«'a>j'=i  '&s»^^- 
ciated  with  fasciation.     For  while  l\ve  ^a?»cAaXfc^  ^"^X  ^"^^  *^^ 
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stem  becomes  itself  inordinately  developed,  the  buds  which 
are  normally  produced  on  it  in  large  numbers  either  remain 
altogether  dormant,  or  give  rise  to  weak  immature  organs 
or  a  few  fasciated  or,  less  often,  separate  branches.  The 
terminal  bud  almost  invariably  ultimately  disappears.  Fascia- 
tion  is  frequently  associated  with  curvatures,  causing  the 
production  of  peculiar  forms  resembling  sickles  or  crosiers, 
as  is  not  uncommon  in  the  willow  and  ash. 

Far  more  numerous  are  the  changes  in  form  which 
affect  the  leaves.  These  may  be  classified  into  Metamor- 
phosis of  Leaves,  Peloric  Formations,  and  true  Changes  of 
Form. 

Goethe  was  the  first  to  propound  the  theory,  though 
somewhat  poetically,  that  all  the  organs  of  the  higher  plants 
can  be  referred  back  to  a  single,  or  at  least,  to  a  very  small 
number  of  fundamental  forms ;  that,  in  fact,  every  organ  is 
either  axial  (stem),  or  foliar  (leaf),  or  is  compounded  of 
these  two.  That  this  is  actually  the  case  is  shown,  not  only 
by  the  history  of  development,  but  also  by  a  close  investiga- 
tion of  those  abnormal  processes  which  are  called  metamor- 
phosis. According  to  Goethe  a  foliar  organ  must  be  con- 
sidered the  more  highly  developed  the  higher  it  stands  on 
the  axis  of  the  plant,  the  nearer  therefore  it  is  to  the  centre 
of  the  flower ;  and  an  ascending  series  can  be  constructed 
as  follows  :— Leaf-spine  [Scale-leaf],  Foliage-leaf,  Bract, 
Sepal,  Petal,  Stamen,  Carpel.  The  metamorphosis  may  be 
either  progressive  or  retrogressive,  according  as  the  trans- 
formation of  the  foliar  organs  takes  place  in  the  direction  of 
a  higher  or  lower  member  of  the  series.  Instances  of  re- 
trogressive metamorphosis  are  furnished  by  the  production  of 
leaf-spines  and  leaf-tendrils  already  mentioned,  which  may 
be  considered  as  consisting  essentially  in  an  abortion  of  the 
lamina  and  a  reduction  of  the  leaf  to  the  lignified  petiole 
or  mid-rib.  Equally  common  is  the  retrogression  of  bracts 
to  the  form  of  foliage-leaves  ;  as  in  the  spathe  of  Aroidese, 
ivhich    often  has  a  leaf-like  torn.    T\v^  x^Xx^'gL^^'doxi  of 
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sepals  into  bracts  or  foliage-leaves  is  still  more  frequent,  a 
common  and  beautiful  example  of  which  occurs  in  the  calyx 
of  the  rose.  One  of  the  best  known  instances  of  metamor- 
phosis of  the  reproductive  organs  into  perianth-leaves  is  fur- 
nished in  the  case  of  the  common  garden  tulip,  in  which  the 
three  carpels  and  the  six  stamens  are  all  transformed  into 
ordinary  petals  ;  [and  the  same  is  the  case  with  the  greater 
number  of  double  flowers,  as  the  rose,  camellia,  pink,  &c.]. 
That  these  leaves  are  actually  lower  stages  of  development 
of  the  organs,  is  shown  very  clearly  in  an  imperfectly  double 
tulip,  in  which  some  of  the  leaves  are  divided  through  their 
mid-rib  into  two  altogether  unlike  halves,  a  half-stamen  and 
a  half-petal.  These  imperfect  transformations  are  also  fre- 
quently seen  in  the  peony  and  the  water-lilies  (Nymphse- 
ficeae) — [in  the  case  of  the  white  water-lily,  NymphcBa  alba, 
even  in  the  wild  state] — these  instances  affording  convincing 
proof  that  the  *  doubling '  of  flowers  is  due  to  retrogressive 
metamorphosis.  It  has  already  been  mentioned  that  this 
metamorphosis  is  very  commonly  accompanied  by  an  in- 
crease in  the  number  of  parts  of  the  flower  ;  and  it  is  not 
surprising  that  such  retrogressions  should  also  be  associated 
with  abortion.  Perfectly  double  flowers  are  of  course 
sterile ;  but  even  when  the  metamorphosis  affects  the  sta- 
mens only,  the  pistil  is  in  that  case  also  always  less  perfectly 
developed,  and  less  or  even  not  at  all  capable  of  being 
fertilised  by  pollen  from  other  flowers.  In  many  cases 
the  doubling  is  only  apparent,  as  in  the  cultivated  Com- 
positae,  such  as  the  aster  and  dahlia,  in  which  the  altered 
appearance  is  produced  by  the  transformation  of  the  yellow 
tubular  flowers  of  the  disc  into  ligulate  flowers  of  a  diflerent 
colour  ;  but  sometimes  only  by  the  increase  in  size  and 
change  in  colour  of  the  tubular  flowers.  In  this  case  also 
the  transformation  is  usually  associated  with  sterility. 
When  the  retrogressive  metamorphosis  goes  back  still 
further  than  in  the  doubling  of  flowers,  the  brightly  coloured 
petals  lose  their  colour,  and  the  ^ov^et  \i^cQ«\s.'5»  ^^'^^n.. 
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Such  instances  of  chloranthy  are  common  in  the  Legumi- 
nosae,  and  especially  in  clover. 

Instances  of  progressive  metamorphosis  are  much  less 
common,  though  a  number  are  to  be  met  with.  The  most 
common  example  is  the  metamorphosis  of  petals  into  sta- 
mens. It  is  not  uncommon  to  find  the  shepherd's  purse, 
Capsdla  bursa-pastoris^  with  ten  stamens  and  no  petals,  the 
normal  nimiber  being  four  petals  and  six  stamens.  A  me- 
tamorphosis of  stamens  into  carpels  is  also  not  imusual  in 
willows,  making  them  apparently  monoecious,  whereas  they 
are  normally  dioecious. 

Changes  of  form  arising  from  the  metamorphosis  of 
whole  parts  of  plants  may  be  divided  into  four  groups : — the 
solution  of  flowers  or  Antholysis,  Prolification,  Gemmation, 
and  the  Metamorphosis  of  Buds.  By  antholysis  is  meant 
those'  separations  of  the  parts  of  the  flower  by  which  their 
relative  number  and  position  are  so  altered  that  the  nor- 
mal construction  is  completely  concealed.  Prolification  is 
the  elongation  of  the  apex  of  the  floral  axis  above  the 
flower,  where  it  bears  fresh  buds,  leaves,  and  flowers,  as 
occurs  normally  in  the  syncarp  of  the  pine-apple,  and  not 
unfrequently  in  roses  [and  pears].  Gemmation  is  the  pro- 
duction of  buds  in  the  axils  of  the  floral  leaves,  which  then 
develope  into  new  flowers  or  inflorescences,  as  is  not  un- 
frequently the  case  in  the  capitula  of  Scabiosa  and  Dip- 
sacus.  Finally,  it  is  not  uncommon  for  leaf-  or  flower-buds 
to  be  transformed  into  fleshy  bodies  with  small  scale-like 
leaves  and  a  very  short  fleshy  axis.  These  buds,  which 
often  serve  as  a  reservoir  for  the  reception  of  assimilated 
reserve-materials,  very  commonly  grow,  when  detached  from 
their  parent-plants,  into  independent  plants.  Species  in 
which  this  phenomenon  commonly  occurs  [as  Polygonum' 
vivipanim,  Poa  vivipara^  &c.],  are  called  viviparous.  In 
the  above  and  some  other  species  it  occurs  normally,  and  is 
not  uncommon  in  many  natural  orders,  as  Liliaceae,  Grami- 
nesdy  Cyperaccsd,  and  Juncace^i.    TVve  bvxds  in  the  axils  of 
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the  leaves  of  Lilitim  bulbiferum  and  in  the  inflorescence  of 
many  species  of  Allium  come  under  this  head. 

Closely  connected  with  metamorphosis  is  peloria^  or  the 
abnormal  regularity  of  flowers  usually  irregular  but  sym- 
metrical, /.<?.  so  constructed  that  there  is  only  one  line  by 
which  they  can  be  divided  into  two  similar  parts.  This 
phenomenon  is  most  common  in  Gramineae,  Leguminosae, 
Labiatae,  Scrophulariaceae,  and  Violaceae.  In  the  common 
toadflax,  Linaria  vulgaris^  for  example,  in  which  the  perso- 
nate bi-labiate  corolla  runs  out  into  a  spur,  the  terminal 
flower  of  the  raceme  not  unfrequently  exhibits  complete 
peloria,  ue,  has  a  regular  margin,  and  five  spurs  at  equal 
distances  from  one  another.  In  Compositae,  peloria  fre- 
quently takes  the  form  of  a  conversion  of  the  ligulate  into 
tubular  flowers. 

The  last  class  to  be  mentioned  is  the  change  in  the  ex- 
ternal form  of  leaves,  the  result  of  an  irregular  accession  or 
suppression  of  growth  from  disease.  Deviations  from  a 
symmetry  between  the  right  and  left  side  of  the  leaf  occur 
normally  in  some  plants,  as  the  various  species  of  Begonia 
[and  lime],  and  occasionally  in  almost  all  plants.  The 
relationship  between  the  length  and  breadth  of  the  leaf  is 
also  often  disturbed.  A  diflerence  frequently  occurs  be- 
tween the  intensity  of  growth  of  the  vascular  bundles  and 
of  the  parenchymatous  tissue  (mesophyll)  which  occupies 
the  space  between  them.  When  the  vascular  bundles  grow 
more  vigorously  than  the  parenchyma,  the  latter  is  ruptured, 
and  the  leaves  become  perforated  or  slit,  as  is  always  the 
case  in  old  leaves  of  the  banana  [and  in  some  Aroideae,  Fig. 
194,  p.  106].  When,  on  the  other  hand,  the  growth  of  the 
parenchyma  exceeds  that  of  the  vascular  bundles,  the  leaves 
become  crumpled,  as  in  many  garden-plants  such  as  endive, 
parsley,  &c.  More  rarely,  outgrowths  arc  developed  on  the 
surface  of  the  leaf,  which  themselves  assume  a  leaf-like  form. 

In  all  the  cases  hitherto  mentioned  we  have  treated  oxsL^ 
of  changes  in  form.     But  diseases  axe  i\^o  c^.m^^^  ^xojsiJgx 
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the  influence  of  the  soil,  depending  on  an  abnormal 
transformation  of  those  substances  out  of  which  the  tissue 
of  the  plant  is  constructed.  These  constitute  what  are 
called  secretional  diseases^  in  which  cellulose  is  transformed 
into  gum,  resin,  or  manna.  These  diseases  are,  properly 
speaking,  only  excessively  vigorous  phenomena  of  vital 
functions  which  in  many  plants  are  quite  normal.  It  is  re- 
markable that  effusions  of  sap  of  this  nature  are  often  the 

'  result  only  of  external  injury,  and  are  commonly  increased 
by  removing  the  substance  excreted,  as  in  the  production 
of  resin. 

The  consideration  of  secretional  diseases  leads  to  that  of 
diseases  of  decomposition.  These  diseases,  which  are  fre- 
quently confounded  or  blended  with  the  former — known 
generically  as  gangrene  or  canker — are  processes  of  decay 
in  which  the  cellulose  is  transformed  into  a  muddy  fluid,  a 
brown  humus-like  powder,  or  a  carbonaceous  mass,  such  as 
never  occurs  in  a  normal  state.  Decompositions  of  this  nature 
are  promoted,  or,  perhaps,  are  first  caused,  by  swarmS  of 
low  microscopic  organisms.  Fungi  and  Algse,  which  find  in 
the  dissolution  of  the  organic  substance  a  favourable  sub- 
stratum for  their  development.  It  is  impossible  to  enter  in 
this  place  on  a  more  minute  discussion  of  the  processes  of 
fermentation,  decay,  and  putrefaction,  and  of  the  points 
which  are  still  in  dispute  as  to  the  part  played  by  the  or- 
ganisms which  always  accompany  these  processes,  and  as 
to  their  systematic  position.  It  is,  however,  certain  that 
diseases  of  this  kind  are  characterised  by  the  presence  of 
organisms,  and  are  by  this  distinguished  from  secretional 
diseases.  In  reference  to  the  external  form  in  which  they  pre- 
sent themselves,  a  distinction  is  to  be  drawn  between  moist 
and  dry  gangrene,  according  as  the  product  of  decomposi- 
tion of  the  cellulose  is  a  fluid  or  a  solid  substance.  The 
latter  form  very  commonly  first  attacks  the  innermost  layers 
of  wood,  which  may  be,  according  to  the  colour  of  the  sub- 

stance  formed,  red  or  white.  ^\3iiv\,%  ^xX2.ck^d\iY  decay  may 
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still  live  a  long  time  under  certain  circumstances,  and  may 
have  a  perfectly  sound  appearance  on  the  outside,  until 
the  disease  reaches  the  cambium-layer,  when  they  quickly 
perish.  The  decomposition  of  cellulose  does  not,  however, 
always  begin  inside  the  plant ;  it  may  also  penetrate  from 
without,  at  spots  which  have  become  diseased  from  ex- 
ternal injury. 

Diseases  of  another  class,  produced  by  vegetable/d'fajjVcj, 
that  is  by  plants  which  derive  their  nourishment  from  the 
living  tissue  of  the  plants  they  inhabit,  are  in  general  less 
©bscure  than  those  which  were  last  described. 

Among  these  parasites  are  certain  Fungi  (Fig.  374), 
which  are  of  the  greatest  practical  importance.    The  qiies- 
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tion  which  has  often  and  for  a  long  time  been  discussed  re- 
specting these  plants,  whether  they  are  the  cause  or  only  the 
accompaniment  of  the  disease,  has  now  been  decided  in 
favour  of  the  former  alternative,  since  it  has  been  proved 
that  the  organisms  in  question  are  well-defined  species  of 
Fungus,  and  that  the  same  organism  is  always  fov-md  Wi  ^t^- 
company  the  same  disease.     In  addition  Vo  tea, '\i.\vas.\«.e». 
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proved  by  a  numbei  of  observations  and  careful  experi- 
ments, that  these  diseases  are  contagious,  and  that  healthy 
plants  become  subject  to  a  particular  disease  when  the 
spores  of  that  Fungus  are  sown  upon  them  which  always 
occurs  in  connection  with  that  disease ;  and  that,  finally,  the 
best  means  for  preserving  or  restoring  the  health  of  the 
plant  are  those  by  which  the  spores  of  the  Fungus  are 
destroyed.  This  does  not,  however,  prevent  other  Fungi 
occurring  as  accompaniments  of  the  particular  disease  be- 
sides the  one  to  whose  attacks  it  is  due. 

Among  the  most  important  of  the  diseases  of  this  nature 
to  which  cultivated  crops  are  liable  is  the  rust  or  mildtiv 
of  cereals.  This  term  is  appropriately  given  to  a  disease  in 
which,  at  least  at  first,  reddish  masses  of  a  brown  rust-like 
dust  break  out  from  the  internal  tissue  of  the  plant.  It  is 
most  common  on  barley,  wheat,  and  oats,  less  so  on  rye 
and  wild  grasses.  Since  it  chiefly  attacks .  the  vegetative 
parts,  the  leaves  and  succulent  stems,  and  but  rarely  the 
seeds,  the  injury  caused  by  it  consists  mainly  in  a  deteriora- 
tion of  the  straw  ;  but  the  grains  are  also  of  inferior  quality, 
when  the  parts  which  contain  chlorophyll,  and  which  con- 
sequently assimilate,  are  attacked  at  an  early  stage.  The 
species  of  mildew  which  infest  cereal  crops  are  mainly  two, 
Pnccinia  graminis  and  P.  coronata.  The  very  remarkable 
course  of  development  of  the  latter  will  be  afterwards  more 
exactly  described  when  speaking  of  Fungi. 

Smtit  shows  itself  first  on  the  organs  of  fructification,  the 
epidermis  of  which  is  irregularly  ruptured  in  a  great  number 
of  places,  a  black  dust  then  appearing  through  the  slits.  It 
attacks  the  different  parts  of  the  flower  in  a  very  unequal 
degree.  The  whole  of  the  parenchymatous  tissue  is  often 
destroyed ;  and  this  occurs  to  so  great  an  extent  in  winter- 
barley,  that  of  the  whole  ear  the  common  rachis  of  the  in- 
florescence alone  remains,  while  frequently,  as  in  oats,  the 
seed  only  is  destroyed,  the  palese  remaining  unaffected. 
Especially  in  the  last  stage  oi  t\v^  ^\%t^s.e,\Jcv^  \xv^sses  of 
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dust  also  emerge  from  the  culms  beneath  the  flowers,  as 
well  as  from  the  leaves.  Rye  and  wheat  are  also  subject  to 
this  disease,  wild  grasses  less  so.  It  is  caused  by  the  at- 
tacks of  a  Fungus,  Ustilago  carbo^  the  black  masses  consist- 
ing of  its  emerging  spores  which  project  between  the  paleae, 
the  mycelial  threads  obtaining  their  nutriment  from  the  in- 
terior of  the  parenchymatous  cells. 

The  smut  of  maize  and  millet  are  of  a  similar  character. 
In  the  former  swellings  the  size  of  the  fist  or  even  of  the 
head  are  formed  in  the  diseased  part,  between  the  cells  of 
which  the  filaments  of  the  Fungus  which  produces  the  dis- 
ease, Ustilago  viaydis,  are  easily  found.  The  millet-smut, 
caused  by  Ustilago  destruens^  destroys  the  whole  of  the  flower 
even  within  the  leaf-sheaths. 

Bunt  is  a  disease  which  attacks  all  kinds  of  wheat,  but 
the  varieties  of  spelt  have  less  to  fear  from  it  than  other 
sorts,  and  winter-  less  than  summer-wheat.  The  Fungus 
which  produces  this  disease,  Tilletia  caries,  fills  up  with 
its  spores  the  whole  of  the  ovary,  and  replaces  it  by 
an  elongated,  black,  greasy  body  of  a  disagreeable  odour. 
The  mycelium  is  easily  found  in  the  parenchyma  of  the 
flower. 

Ergot  is  another  Fungus  of  this  kind,  which  attacks  the 
inflorescence  of  grasses,  and  especially  of  cereal  crops,  ap- 
pearing in  the  place  of  the  fruit  in  the  form  of  an  enor- 
mously large  grain  among  those  that  are  still  healthy.  In 
form  it  resembles,  therefore,  the  grain  which  it  attacks  ;  in 
rye,  for  example,  it  is  obtusely  triangular,  and  in  Fhrag^nites 
flatly  compressed.  It  is  the  *  sclerotium '  of  a  Fungus 
which  grows  from  the  base  of  the  ovary,  and  soon  detaches 
it  from  its  point  of  attachment,  raises  it  up  and  then 
encloses  it  or  presses  it  aside.  Ergot,  although  it  seldom 
occurs  in  any  great  quantity,  is  one  of  the  most  dangerous 
vegetable  parasites  of  cereal  crops,  since  it  contains  a 
powerful  poison,  on  account  of  which  it  is  valuable,  vw  \ssr.^- 
cine,  but  which  renders  the  mea\  qvi\\.e  'w^^^'s.'s*  ^V^-^  ^q?qs\^ 

Q  2 
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with  ii.  The  various  stages  of  development  of  the  ergot  of 
rye  received  a  number  of  different  names  before  their  con- 
nection with  one  another  had  been  ascertained.  Thus 
the  delicate  mycehum  from  which  ergot  originally  springs 
has  been  called  Sphacdia  segetum.  the  ergot  itself  Sclerotium 
clavus,  Secalt  comuium  [or  '  spurred  rye  '],  and  the  fructifica- 
tion which  developes  from  it  (Fig.  375),  Cordiceps  ox  Oavi- 
B  ceps  purpurea ;  the  last  be- 

ing the  name  now  given  to 
the  Fungus. 

Mention  must  also  be 
made  of  a  number  of  dis- 
eases about  which  but  little 
IS  yet  known,  and  which 
have  this  io  common,  that 
they  appear  as  black  velvety 
coatmgs  on  the  leaves,  and 
especially  on  their  upper 
side    There  sewfis  to  be  fre- 

„ -r , quently,  but  not  invariably, 

^'"'^  a  connection  of  alternation 

between  the  '  honey-dew ' '  caused  by  aphides  and  these 
diseases,  the  aphides  encouraging  the  settlement  of  the 
Fungi,  Toruia  and  Cladosporium,  which  give  rise  to  the 
latter. 

A  similar  appearance  is  presented  by  vines  attacked  by 
the  vim-mildew,  Oidium  Tuckeri.  The  course  of  this  dis- 
ease is,  in  its  essential  points,  as  follows ; — A  delicate  white 
shining  growth  is  seen,  as  a  rule  after  the  blooming-rime, 
and  at  first  on  the  under  side  of  the  leaves,  then  on  all  the 
young  parts  of  the  vine  (Fig.  376),  which  finally  invests 
these  parts  more  and  more  completely,  without,  however, 
penetrating  into  the  interior,  as  it  only  puts  out  short 
organs  of  attachment  here  and  there.      These  drain  the 
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epidermis;  the  grapes  remain  small,  and  finally  burst,  the 
fleshy  interior  being  forced  out  of  one  or  two  intersecting 
clefts. 

The  English  gardener  Tucker  was  tlie  first  to  remirlt,  in  the  year 
1845,  the  Fungus  which  was  named  after  hEm,  but  without  rect^ising 
its  nature.  The  disease  appeared  at  Versailles  in  1850;  and  in  1851 
under  various  conditions,  and  in  widely  scattered  districts,  in  France, 
Italy,  and  Germany.  In  Madeira,  the  vine,  which  had  been  cultivated 
since  the  fifteenth  century,  was  allacked  in  1852  ;  in  several  succeediiig 
yeiTs  the  crop  completely  failed;  and  this  induced  the  inhabitants  10 
abandon  the  cultivation  of  the  gp^pe  for  that  of  the  more  prafilablo 


sugar-cane  ;  so  that  for  twenty  years  after  1851  scarcely  any  Madrira 
wine  was  produced.  From  that  time  the  disease,  fevoured  by  damp 
H-arm  weather^  has  spread  locally  to  the  whole  of  Europe,  no  remedy 
having  been  up  to  the  present  time  discovered  for  it. 

Next  to  the  vine-disease  the  plum-disease  is  one  of  the 
most  destructive  parasitic  diseases  of  the  different  kinds  of 
stone-frjit.  The  malformations  produced  by  it,  and  known 
under  the  name  of  '  pods '  and  '  pockets,'  are  distinguished 
from  the  dark  juicy  fruit  covered  with  a  bluish  bloom  by 
their  greater  length  and  flatness,  by  the  want  of  the  hard 
stone,  and  by  their  invariably  lighlw  co\q\i.t,    T\&  -^wsa.- 
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turely  ripe  fruits  fall  off  and  are  worthless.     The  cause  of 

the  disease  is  a  Fungus,  Exoascus  Pruni, 

The  Potato- disease  makes  its  appearance  first  on   the 

green  parts  of  the  plant,  forming 
brown  spots  on  the  leaves  and 
stems,  usually  in  July  and  August 
A  short  time  afterwards  the  tu- 
bers are  found  to  be  diseased,  and 
begin  to  decay.  The  decompo- 
sition is  either  moist  and  of  a 
disagreeable  odour,  or  ends  in 
a  drying  up  of  the  tissue;  the 
former  kind  being  generally  de- 
scribed as  the  true  potato-disease, 
although  the  two  forms  pass  into 
one  another.  It  is  only  rarely 
that  the  decay  of  the  tubers  pre- 
cedes the  sickening  of  the  plant 
itself.  The  parasite  which  causes 
this  disease  is  also  a  Fungus, 
Peronospora  infestans.  It  pene- 
trates the  tissue  of  the  leaf,  its 
conidia-bearing  filaments  pro- 
jecting through  the  stomata. 
The  tissue  of  the  leaf  dies  under 
its  influence,  and  the  tubers 
which  are  subsequently  attacked 
also  decay  (Fig.  377). 

The  true  potato-disease  broke  out 
about  the  year  1830,  and  spread  with 
terrible  rapidity  during  the  next  ten 
years  ;  and  has  never  since  entirely  dis- 
appeared. Its  study  suggested  a  variety 
of  causes :  among  the  rest  damp  wea- 
ther, too  strong  manuring,  and  the 
cutting  up  of  the  *  seed-potatoes.* 

A  peculiar  disease,  also  cau^^d  \>^  a^\3ixv^^^\i>\\.  ^^Vv^ 


Fig.  377. — Fungus-filaments  from 
a  rotten  potato,  together  with 
the  spherical  spores  y  called 
Otdium  violaceum^  and  the  long- 
ish  multicellular  spores  z  fii 
Fttsisporiuni  Solani  \  young 
plants  are  germinating  firom  both 
forms.  (This  tungus  very  com- 
monly accompanies,  but  is  not 
the  cause  of,  the  disease,  x  400.) 
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has  not  yet  been  sufficiently  investigated,  is  one  of  con- 
siderable practical  importance,  the  beet-disease.  It  shows 
itself  sometimes  in  the  winter,  its  presence  being  manifested 
by  the  root  becoming  light-brown  and  transparent  from 
without  inwards. 

The  diseases  to  which  bulbs  are  subject  have  been  but 
little  studied.  In  the  ring-disease,  called  also  the  hya- 
cinth'pest,  rust-coloured  spots  spread  from  the  disc  over  the 
scales,  advancing  from  below  upwards.  The  innermost 
scales  are  first  attacked,  the  leaves  turn  yellow,  the  flower- 
stalk  decays,  and  finally  the  whole  bulb  degenerates  into  a 
muddy  mass.  The  so-called  white  smut  consists  in  the 
bulbs  rotting  from  above  downwards  under  the  influence  of 
a  white  slime. 

Besides  the  diseases  already  named,  there  are  many 
others  of  less  practical  importance  caused  by  parasites.  Of 
these  causes  of  disease,  phanerogamic  parasites  are  in  gene- 
ral less  injurious  than  cryptogamic.  Of  the  former  there 
are  only  a  very  few  natives  of  Europe,  the  mistletoe  ( Viscum 
cUbutn\  Loranthus  europceus,  Lathraa  squamaria^  the  dod- 
ders (species  of  Cuscuta),  the  various  species  of  Orobanchey 
Monotropa  Hypopitys^  and  Thesium  humifusum. 

The  mistletoe  usually  grows  on  the  apple,  but  also  on 
other  trees.  It  weakens  the  trees  which  it  attacks  by  the 
penetration  of  its  sucking-roots  (Fig.  378  i.),  and  causes  the 
formation  of  knots,  sometimes  killing  the  branch  on  which 
it  grows,  or  even  the  whole  tree. 

The  various  species  of  Cuscuta  (dodder)  germinate  in 
the  ground,  and  only  subsequently  strike  their  roots  into  the 
neighbouring  *  host ; '  but  they  also  develope  above  ground 
their  *  haustoria '  or  sucking-roots  at  those  spots  where  they 
come  into  contact  with  the  plants  which  they  embrace.  C 
europcea  grows  readily  on  hedges  and  thickets,  and  attacks 
the  hop,  [stinging-nettle],  hemp,  and  other  herbaceous  [and 
shrubby]  plants.  C  epilinum  is  exceedingly  destructive  to 
flax.     C  Trifolii  (Fig.  378  11.)  is  esp^c\2;)\^^XJ^Y^x\Q^l^ 
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of  clover  and  lucerne,  spreading  itself  centrifugally  from 
single  points,  and  entirely  destroying  the  vegetation.  C. 
^Ihymum  is  indigenous,  chiefly  on  gorse  and  heather. 

Of    the    species    of  u.   a 

Orobanche  or  broom- 
rape,  which  mostly  grow 
on  the  roois  of  wild 
plants,  the  only  ones  of 
practical  importance  are 
0.    minor  and  : 


The  former  occurs  especially  on  clover,  while  the  latter 
mostly  attacks  hemp,  but  also  tobacco  and  nightshade  (Sola- 
num);  (see  Fig.  346,  p.  166). 

The  remaining  phanerogamic  parasites  named  above 
have  but  little  scientific  interest ;  to  them  may  be  added 
the  various  species  of  Melampyrum,  Rhitianthus,  and  Pedi- 
mlaris.  No  further  notice  is  required  of  the  phanerogamic 
parasites  of  tropical  and  subtropical  primeval  forests,  &c,, 
belonging  to  the  natural  orders  Balanophoracese,  Raffies- 
iaceas,  LoranthaceK,  &c. 

Besides  these  parasites,  tiieie  aia  \a,\\Q-a^  fto-^wins  \i'-o.nta 
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which  are  injurious  as  weeds,  depriving  other  plants  of  light 
and  nourishment  and  therefore  of  the  most  essential  con- 
ditions of  life,  or  themselves  stunting  them  in  their  growth 
by  climbing  over  or  twining  round  them,  and  dragging  them 
to  the  ground. 

Reference  must  finally  be  made  to  epiphytes,  or  those 
plants  which  only  grow  on  other  plants  without  deriving 
nutriment  from  their  tissues.  Plants  of  this  class  which 
occur  in  our  zone,  for  example,  many  Mosses  and  Lichens 
[and  some  Ferns],  can  scarcely  be  considered  as  morbifi- 
cants. 

The  injuries  which  plants  receive  from  animals  are  ex- 
tremely numerous  and  various.  When  the  injury  is  to  the 
root,  it  results  in  an  insufficient  supply  of  nutriment  to  the 
plant ;  when,  on  the  other  hand,  it  is  the  leaves  that  suffer, 
the  absorbed  food-materials  are  not  assimilated  in  sufficient 
quantity,  and  the  plant  suffers  from  weakness  or  exhaustion. 
Injuries  to  the  bark  cause  *  bleeding,*  gangrene,  or  decay. 
There  are  also  a  number  of  animals  that  live  in  or  on  plants, 
which,  without  visibly  injuring  them  externally,  cause  an 
irritation  in  the  parts  of  the  tissue  affected  which  lesults  in 
morbid  phenomena.  It  is  common,  for  example,  to  see  the 
leaves  of  the  hop,  cabbage,  and  other  plants,  crumpled  up 
into  blisters  and  rendered  unhealthy  by  the  attacks  of 
some  species  of  aphis  on  the  under  side.  The  form  of 
these  abnormal  productions  is  usually  so  characteristic  that 
it  is  possible  from  them  to  determine  the  animal  by  which 
they  are  caused,  and  vice  versa.  Thus,  aphides^  which  lay 
their  eggs  in  the  plant,  cause  blister-like  swellings,  in 
which  the  larvae  live  until  the  period  of  their  metamor- 
phosis, at  the  expense  of  the  plant.  The  structures  which 
they  produce,  and  which  are  generally  not  injurious,  are 
sufficiently  well  known  in  the  lime,  hazel,  elm,  and  other 
trees  and  shrubs.  Willow-galls  and  rose-galls  are  a  somewhat 
higher  form  of  these  bodies.  The  former  are  produced 
especially  on  wiJiows  by  the  purvcluie  o^  \!cv^   Cccidom>jla 
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strobilina  in  the  leaf-buds,  which  causes  arrest  of  growth, 
the   stem  scarcely  developing,  and  the  leaves  becoming 


crowded  together  into  a  close  rosette.  The  rose-gall  is 
caused  by  Rhodiks  Rosa  laying  its  eggs  in  the  branch,  the 
stem  then  swelling  up  to  a  ccnsideiaJcAft  ?ms  fem.  the  exu- 
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berant  growth  of  the  parenchyma,  while  the  leaves  are  pro- 
duced in  ordinary  numbers,  but  with  scarcely  any  paren- 
chyma between  their  fibro-vascular  bundles,  causing  the 
misshapen  branch  to  appear  as  if  covered  with  moss.  The 
Tiighest  form  of  development  of  these  structures  is  seen  in 
the  true  galls^  the  production  of  which  is  due  to  punctures 
made  in  the  leaves,  flowers,  fruits,  buds,  and  young  bark 
by  the  female  gall-wasp,  belonging  to  various  species  of 
Cynips,  which  then  lays  its  eggs  in  the  wound.  The  various 
kinds  of  gall  are  riiost  abundant  on  the  oak-tree,  on  which  the 
total  number  of  species  that  have  been  observed  is  upwards 
of  150.  The  best  known  is  the  common  oak-gal/,  pro- 
duced by  the  puncture  of  Cynips  scutellaris  on  the  under  side 
of  the  leaf  (Fig.  379V  As  morbid  phenomena  galls  are 
usually  of  but  small  significance.  Whether  they  are  regarded 
as  the  nidus  of  a  number  of  useful  insects,  or,  many  of  them, 
as  articles  of  considerable  value  in  commerce,  their  usefulness 
greatly  exceeds  the  injury  which  they  inflict  on  the  plant. 

It  would  occupy  too  much  space  to  enumerate  those 
animals  which  are  hurtful  to  the  plant  by  the  external  in- 
juries inflicted  by  feeding  on  them,  &c.  The  part  which 
insects  play  in  this  respect  is  well  known  to  every  observer 
of  nature. 

AGE   AND   DEATH   OF   PLANTS. 

If  the  life  of  a  plant  is  not  shortened  by  any  disease, 
and  if  no  animal  or  man  appropriates  it  to  its  own  purpose, 
gathers  it,  and  kills  it,  its  term  of  life  is  still  usually  limited. 
Some  die  after  they  have  once  produced  fruit  \monocarpic 
plants],  one  or  two  years  [annual  or  biennial  plants]  being 
required  for  their  development;  while  others  [polycarpic 
plants]  produce  fruit  many  times  and  live  for  many  years, 
attaining  sometimes  an  enormous  age.     The  silver-nr  sel- 

*  [Oak-spangles  are  smaller,  flat  bodies,  produced  also  on  the  under 
side  of  oak-leaves  by  the  attacks  of  an  irvseet,  Di|)lole^is  UnlkuVvn^. 
— Ed.J 
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dom  flowers  under  thirty  or  forty  years  ;  the  Scotch  fir  and 
larch,  on  the  other  hand,  produce  cones  in  ten  or  twelve 
years  ;  the  oak  and  beech,  again,  only  flowering  when  they 
have  attained  a  considerable  age.  The  Scotch  and  spruce-fir 
attain  their  full  height,  as  a  rule,  in  from  80  to  100  years, 
while  the  silver-fir  requires  a  longer  period.  The  annual 
rings  of  the  beech  usually  become  less  distinct  after  130 
or  150  years,  while  the  regular  increase  of  the  oak  in  girth 
does  not  diminish  till  it  is  150  or  even  200  years  old  ;  and 
in  the  sweet  chestnut  the  increase  continues  for  at  least 
double  that  period  in  the  south  of  Europe.  Probably  the 
oldest  lime-tree  in  Germany,  at  Neustadt  on  the  Kocher, 
was  celebrated  in  song  as  long  ago  as  the  year  1408  ;  and 
the  silver-firs  on  the  Wurzelberg  in  the  forest  of  Thuringia 
must  be,  from  the  number  of  the  annual  rings  in  one  of  the 
oldest  trunks,  600  years  old.     The  age  of  an  oak  at  Breslau, 

* 

more  than  13  metres  in  girth  at  a  height  of  26  metres,  is 
estimated  at  700  years.  The  old  rose- stock  in  the  crypt  of 
the  cathedral  at  Hildesheim  was  planted,  according  to  tra- 
dition, by  Louis  the  Pious  ;  and  the  old  dragon's-blood  tree 
at  Orotava  in  Tenerifle,  is  said  to  have  been  as  vigorous — 
and  even  to  have  been  hollow — in  1402,  when  the  island  was 
taken  by  the  Spaniards,  as  in  1868,  when  it  was  blown 
down  in  a  storm.  All  previous  conceptions  of  the  size  and 
age  of  trees  are  enormously  exceeded  by  the  facts  ascer- 
tained respecting  the  Sequoia  {Weiiingiortia)  giganiea,  the 
*  mammoth-tree '  of  California,  the  largest  measured  speci- 
men of  which  gives  a  diameter  of  10  and  a  height  of  120 
metres,  and,  judging  from  the  number  of  its  annual  rings,  an 
age  of  from  3,000  to  4,000  years.  The  bread-fruit-tree  is 
said  to  attain  an  age  of  from  5,000  to  6,000  years  ;  that  of 
the  gigantic  species  of  Eucalyptus  of  Australia,  fronj  130  to 
160  (?)  metres  in  height,  has  not  been  ascertained. 
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CHAPTER  VI. 

SPECIAL  MORPHOLOGY  AND   CLASSIFICATION. 

Even  the  most  superficial  observation  of  the  vegetable 
world  is  sufficient  to  show  that  no  form  exists  on  the  earth 
as  a  single  individual,  but  that  each  is  repeated  with 
very  slight  variations.  These  variations,  however,  refer  only 
to  the  size,  colour,  degree  of  hairiness,  and  other  external 
character  of  the  separate  organs,  to  the  number  of  branches, 
leaves,  and  flowers,  in  short  to  points  so  unessential  that 
the  same  name  is  naturally  given  to  all  these  similar  indi- 
viduals. Closely  connected  with  this  is  the  additional  fact 
that  new  individuals  which  spring  from  seeds  resemble  ex- 
actly the  individuals  which  produced  the  seeds,  with  the 
exception  again  of  slight  and  unimportant  variations.  The 
entire  collection  of  those  plants  which  thus  coincide  in  all 
essential  characteristics,  and  of  all  those  which  are  de- 
scended from  the  same  parent,  is  called  a  Species.  But  a 
species  remains  unchanged,  even  within  the  limits  defined 
by  essential  characteristics,  only  as  long  as  the  vital  con- 
ditions remain  the  same.  When  these  are  altered  by 
change  of  climate  or  food,  or  of  relationship  towards  other 
organisms,  whether  man,  animals,  or  other  plants,  even 
some  of  these  characters  gradually  disappear,  and  are  re- 
placed by  others.  A  species  is  therefore  only  an  assem- 
blage of  forms  which  resemble  one  another  for  the  time 
being,  and  is  not  a  type  rigidly  defined  by  nature. 

Dependent  on  changes  produced  by  cultivation,  a  species 
is  divided  into  Sub-species ;  and  when  the  characters  are 
hereditarily  transmitted  with  constancy  through  the  seed, 
into  Races,  Variations  within  the  same  race  are  called 
Varieties^  and  these  again  are  divided  into  Sub-varieties, 

All  species  which  agree  in  lYve  e?»^^TvX\A  Ow»'a5L\sx.'5»  Os. 
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their  organs  of  reproduction — tlie  parts  of  the  flower,  seeds, 
spores,  &c. — form  together  a  Genus,  The  different  species 
belonging  to  the  same  genus  may  differ  very  considerably 
in  their  vegetative  organs  ;  but  the  slighter  these  differences 
the  more  natural  is  the  genus. 

Since  the  time  of  Linnaeus  two  names  have  been  given 
to  every  plant,  a  generic  and  a  specific  name,  the  generic 
name  being  placed  first,  and  the  specific  name  last.  Thus 
the  cucumber  is  Cncumis  sativus,  the  melon  Cucu7nis  melo, 
both  belonging  to  the  genus  Cuaimis, 

Since  the  conception  of  a  genus  is  defined  arbitrarily,  according  to 
the  individual  view  of  each  naturalist,  and  that  of  a  species  is  no  more 
natural,  it  has  come  to  pass  in  the  course  of  time  that  one  and  the  same 
plant  has  received  several  specific  and  generic  names,  or  that  the  same 
name  has  been  given  to  different  plants.  In  order  to  distinguish  clearly 
the  particular  plant  meant,  it  is  usual  to  append  to  its  name  that  of  the 
botanist  who  first  bestowed  it.  Thus  by  the  phrase  Conium  maculatum 
I.inn.,  is  meant  that  Linnaeus  was  the  first  to  give  this  name  to  the  com- 
mon hemlock.  In  the  present  work  the  name  of  the  authority  will  nqt 
be  given,  because  only  those  plants  will  be  mentioned  with  respect  to 
which  there  will  be  little  danger  of  a  mistake  as  to  the  species  intended. 

For  the  purpose  of  obtaining  a  general  view  of  the  enor- 
mous number  of  plants,  and  their  mutual  similarities  or  re- 
lationships, their  classification  into  genera  is  not  sufficient. 
Those  genera  which  are  nearly  related,  i.e,  which  resemble 
one  another  in  the  form  and  mode  of  arrangement  of  their 
organs  of  reproduction,  are  collected  into  Families ;  these 
into  Orders  ;  and  these  again  into  Classes,  Several  classes 
go  to  make  up  a  Sub-kingdom^  and  the  whole  collection  of 
sub-kingdoms  constitutes  the  Vegetable  Kingdom.  Since, 
where  the  relationships  are  complicated,  it  is  often  neces- 
sary to  distinguish  steps  even  intermediate  between  these, 
it  is  usual  to  arrange  the  orders  which  make  up  a  class  into 
Series,  the  genera  which  make  up  a  family  into  Tribes,  and 
the  species  which  make  up  a  genus  into  Sections,  To  de- 
note still  further  sub-divisions,  the  prefix  *  sub '  may  be 
placed  before  any  of  the  terms  mexv\.\oTi^d,  5*0  as  to  mark 
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still  further  intermediate  grades;  thus  a  Suh-family  is  a 
grade  between  family  and  tribe,  a  Sub-tribe  a  grade  between 
tribe  and  genus,  &c. 

Classifications  of  plants  which  are  carried  out  according  to  definfte 
principles  are  called  systems,  and  are  distinguished  as  Natural  and 
Artificial  systems. 

Natural  Systems  are  constructed  S3mthetically  ;  i.e,  they  ascend 
from  the  individual  upwards,  placing  always  in  juxtaposition  those 
forms  which  are  most  nearly  related,  and  thus,  by  the  continual  group- 
ing of  the  most  nearly  related  forms  in  each  stage,  attaining  a  gradual 
and  general  view  of  the  entire  vegetable  kingdom.  A  natural  system 
may  therefore  be  called  a  Grammar  of  the  Vegetable  Kingdom,  since  it 
explains  all  the  laws  and  relationships  according  to  which  distinct  in- 
dividuals are  united  into  species,  genera,  families,  orders,  classes,  &c., 
in  short,  into  one  harmonious  whole.  Much  is,  nevertheless,  left  to 
the  arbitrary  decision  of  each  naturalist ;  although  a  moderate  degree 
of  unanimity  has  now  been  arrived  at  with  respect  to  the  boundaries  of 
the  different  orders.  The  ordere  are  therefore  the  unities  out  of  which 
the  vegetable  kingdom  is  constructed,  although  they  have  not  yet 
been  grouped  into  a  perfect  natural  system.  The  natural  system  has 
Ijeen  compared,  but  not  very  happily,  to  a  chain,  a  copiously  branched 
tree,  or  a  net.  The  l:)est  simile  is  that  of  Linnseus,  who  compared  the 
various  reciprocally  related  families  to  the  countries  of  a  continent,  to 
which  peninsulas  are  attached  by  slight  connections,  and  near  which  are 
islands  representing  isolated  families. 

Artificial  systems  are,  on  the  contrary,  constnicted  anal)rtically,  and 
set  out  in  the  opposite  direction,  the  whole  ground  being  broken  up  by 
repeated  divisions,  in  accordance  with  a  predetermined  principle  of 
classification,  until  finally  you  arrive  at  the  individual  plant.  They 
may  be  compared  to  dictionaries,  in  which  the  whole  vocabulary  is 
arranged  according  to  the  one  principle  of  an  alphabetical  arrange- 
ment, artificial  systems  being  in  the  same  manner  characterised  by  the 
arrangement  of  the  total  number  of  genera  in  accordance  with  a  single 
principle.  Both  place  together  things  that  differ  most  widely ;  but 
both  enable  any  desired  word  or  any  particular  plant  to  be  easily 
found,  or  to  have  its  place  assigned  it  among  the  rest.  Strictly  speak- 
ing, an  artificial  system  ought  to  be  based  on  only  a  single  principle 
of  classification,  or  rather  on  the  more  or  less  perfect  development  of 
a  single  organ  ;  but  usually  the  characters  of  several  are  taken  into 
account.  It  would  be  possible  for  there  to  be  many  attidcval  vj'sXsxsv^ 
of  equal  value;  and  as  long  ago  as  176$,  KdaLXffioti  ^\>MOTkKw\R.^ ^ V 
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The  best  is  the  Sexual  System  of  Linnseus,  which  bases  its  principle 
of  classification  on  the  essential  parts  of  the  flower,  the  stamens  and 
pistils  (or  as  we  should  now  say,  carpels). 


THE   LINNEAN   SYSTEM. 

Linnaeus  divided  the  vegetable  kingdom  into  24  classes,  dependent 
on  the  number  and  arrangement  of  the  stamens  ;  and  these,  again,  into 
orders  with  respect  to  the  pistils.  His  orders  are  divided  into  genera, 
and  these  into  species. 

The  first  23  classes  comprise  Flowering  Plants,  those  which  possess 
stamens  and  pistils  (or  in  a  few  cases  ovules  only  in  place  of  the  pistil). 
Of  these  classes,  I. -XX.  comprise  plants  with  hermaphrodite  flowers, 
i.e.  those  in  which  the  stamens  and  pistils  occur  in  the  same  flower. 
Classes  XXI.,  XXII.,  and  XXIII.  include  plants  with  imperfect  uni- 
sexual flowers,  containing  stamens  only  (staminate  or  male  flowers,  $ ) 
or  pistils  only  (pistillate  or  female  flowers,  9 ).  In  the  first  1 1  classes, 
the  number  of  free  stamens  forms  the  basis  of  classification  ;  the  length 
of  the  stamens  is  immaterial,  with  the  exception  of  the  4th  and  6th 
classes,  in  which  they  must  be  all  of  equal  length.  In  the  12th  and 
13th  classes,  the  number  and  mode  of  attachment  of  the  free  stamens 
is  taken  into  account  ;  and  in  the  14th  and  15th  the  number  and  un- 
equal length  of  the  free  stamens.  In  the  i6th,  17th,  18th,  and  19th 
classes,  Linnaeus  included  those  plants  in  which  the  stamens  are  co- 
herent to  one  another;  in  the  20th,  those  in  which  the  stamens. are 
adherent  to  the  pistil.     Their  characters,  therefore,  are  as  follows  : 

Class  I.  MONANDRIA.  I  free  stamen  in  a  hermaphrodite  flower 
(Fig.  211  B,  p.  116). 

Class       II.  DiANDRiA.    2  free  stamens  in  a  heimaphrodite  flower. 

Class  III.  Triandria.  3  free  stamens  in  a  hermaphrodite  flower 
(Fig.  264,  p.  136). 

Class  IV.  Tetrandria.  4  free  stamens  of  equal  length  in  a  her- 
maphrodite flower. 

Class  V.  Pentandria.  5  free  stamens  in  a  hermaphrodite  flower 
(Fig.  265,  p.  136). 

Class  VI.  Hexandria.  6  free  stamens  of  equal  length  in  a  her- 
maphrodite flower. 

Class  VII.  Heptandria.  7  free  stamens  in  a  hermaphrodite 
flower. 

C/acs  VIII.  OCTANpRiA.  8  free  stamens  in  a  hermaphrodite 
flower. 
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Class       IX,  Enneandria.     9  free  stamens  in  a  hermaphrodite 

flower. 

Class         X.  Decandria.     10  free  stamens  in  a  hermaphrodite 

flower. 

Class  XI.  Dodecandria.  12-19  free  stamens  in  a  hermaphro- 
dite flower. 

Class  XII.  IcosANDRiA.  20  or  more  free  stamens  on  the  mar- 
gin of  the  calyx  in  a  hermaphrodite  flower  (Fig. 

256,  p.  133)- 
Class    XIII.  PoLYANDRiA.     20  or  more  free  hypogynous  stamens 

in  a  hermaphrodite  flower,  adherent  neither  to  the 

corolla  nor  to  the  ovary  (Fig.  209,  p.  115). 
Class    XIV.  DiDYNAMiA.     2  long  and  2  short  free  stamens  in 

a  hermaphrodite  flower  (Fig.  273,  p.  139). 
Class     XV.  Tetradynamia.     4  long  and  2  short  free  stamens  in 

a  hermaphrodite  flower  (Fig.  274,  p.  139). 
Class    XVI.  MoNADELPHiA.     Stamens  united  at  their  base  into  a 

tube  open  above  which  encloses  the  pistil  (Fig.  275, 

P-  139)- 
Class  XVII.  DiADELPHiA.     Stamens  united  at  their  base  into  2 

equal  or  unequal  bundles  (Fig.  276,  p.  139). 

Class  XVIII.  POLYADELPHIA.     Stamens  united  at  their  base  into 

several  bundles  (Fig.  277,  p.  139). 

Class  XIX.  Syngenesia.  Filaments  free ;  but  the  anthers  co- 
herent into  a  tube  which  encloses  the  pistil  (Fig. 

278,  p.  139). 
Class      XX.  Gynandria.    Stamens  springing  from  the  summit  of 

the  ovary  near  to  the  stigma  (Fig.  279,  p.  139). 

Class  XXI.  Moncecia.  Flower  unisexual ;  staminate  and  pistil- 
late flowers  on  the  same  plant. 

Class  XXII.  DiOECiA.  Flower  unisexual ;  staminate  and  pistil- 
late flowers  on  different  plants. 

Class  XXIII.  PoLYGAMiA.  Staminate,  pistillate,  and  hermaphro- 
dite flowers  on  the  same  plant. 

Class  XXIV.  Cryptogamia,  or  Flowerless  Plants.      No  stamens 

nor  ovules. 

Each  of  these  classes  comprises  several  orders.  In  the  first  13 
classes  the  characters  of  the  orders  depend  on  the  number  of  pistils,  [/>. 
carpels],  or  on  the  number  of  styles  or  stigmas. 

R 
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Order    i.  MoNOGYNiA.     I  pistil  with  I  stigma. 

Order    2.  Digynia.     2  pistils,  or  i  pistil  with  2  stigmas. 

Order    3.  Trig  YN I  A.     3  pistils,  or  l  pistil  with  3  stigmas. 

Order    4.  Tetrag yni A.     4  pistils,  or  i  pistil  with  4  stigmas. 

Order    5.  Pentagynia.     5  pistils,  or  1  pistil  with  5  stigmas. 

Order   6.  Hexagynia.     6  pistils,  or  I  pistil  with  6  stigmas. 

Order    7.  Heptagynia.     7  pistils. 

Order   8.  Octogynia.     8  pistils. 

Order    9.  Enneagynia.     9  pistils. 

Order  10.  Decagynia.     10  pistils. 

Order  II.  Dodecagynia.     12  pistils. 

Order  12.  Polygynia.     More  than  12  pistils. 

All  the  orders  belonging  to  the  various  classes  are  not  represented 
in  the  English  flora.  Examples  are  as  follows  : — To  Class  I.,  Order  I 
(indicated  shortly  as  I.  i),  belongs  Hippuris  vulgaris  ;  to  II.  i,  SalTna; 
III.  I,  Valeriana^  Iris^  and  most  Cyperaceae;  III.  2,  almost  all 
Grasses;  IV.  i,  Dipsacaceae  and  Rubiaceae;  IV.  4,  Zfer ;  V.  i,  Bor- 
ragineae,  Primulaceae,  Solanaceae,  and  Campanulaceae ;  V.  2,  Umbelli- 
ferae ;  V,  3,  Sambucus ;  V.  5,  Linum ;  VI.  i,  Liliaceae  and  Juncaceae; 
VI.  3,  Rumex'y  VIII.  i,  Epilobiunty  (Enothera^  Erica  \  X.  i,  Arbu- 
tus ;  X.  2,  Dianthus^  Saxifraga  ;  X.  3,  Alsine^  Silene ;  X.  5,  Oxalis, 
Lychnis,  Cerastium-y  XI.  i,  Lythrum%  XI.  3,  Reseda  \  XI.  5,  Setnper- 
vivum'y  XII.  I,  Prunus\  XII.  5,  Pyrus,  Mespilus;  XII.  12,  Rosa, 
Fragaria,  Rubus  \  XIII.  I,  7V//«,  Papaver\  XIII.  2-12,  Ranuncu- 
laceae:  Paoniay  Delphinium ,  Aconitum,  Ranunculus y  Helleborus. 

The  14th  and  15th  classes  have  each  2  orders  distinguished  by  their 
fruit. 

XIV.  I.  Gymnospermia  ;  including  most  Labiatae :  ThymuSy 
Ajugay  &c.  (Fig.  379  b). 

XIV.  2.  Angiospermia.    Scrophulariaceae:  Antir- 
rhinuniy  Pedicularisy  &c.  (Fig.  297,  p.  144). 

XV.  I.  SiLicuLOSiE.     Capsella,  Nasturtiuniy    &c. 

(Fig.  317,  ?•  151). 

XV.  2.  SiLlQUOSyE.     Cheiranthus,  Raphanus 
In  classes  XVI.,  XVII.,    and  XVIII.,  the  orders 
are  distinguished  by  the  number  of  stamens.      The  fol- 
lowing are  comprised  in  the  English  flora  :- 
Fig     370  B  —         XVI.  2.  MoNADELPHiA  Pentandria.     Erodium. 
Frmt  of  Ajuga        XVI.  4.  MoNADELPHiA  Decandria.    Geranium  I 
(Labiatae).  ^^^^  Leguminosae. 

XVT.  5.    MONADELPHIA  POLYANDRIA.      Malva. 
XVll,  I.  DlADELPHlA  HexX^D^IK.     Y\«£vaxvajt^«^. 
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XVII.  2.  DiADELPHiA  OCTANDRIA.     Polygala. 
XVII.  3.  DiADELPHiA    Decandria.     Most  Leguminosse :    Tri- 
folium^  LotuSf  Vkiat  &c. 

Class  XVIII.  Polyadelphia.    Hypericum  with  3  styles. 
Class  XIX.  is  divided  into  the  following  orders  : — 

1.  Syngenesia  iEQUALiA.  Taraxacum^  Cichorium^  Lactuca^  Car- 
duus,  Cnicus  (Fig.  213,  p.  117). 

2.  Syngenesia  superflua.  Artemisia^  Aster^  Antheniis,  Bellis 
(Fig.  214,  p.  118). 

3.  Syngenesia  frustranea.     Centaurea  (Fig.  203,  p.  112). 

4.  Syngenesia  necessaria.     Calendula, 

5.  Syngenesia  segregata.  Echinops,  (These  two  are  not  in- 
eluded  in  the  English  flora.) 

These  5  orders  together  form  the  natural  order  Compositae. 

In  the  20th,  2 1  St,  and  22nd  classes,  the  orders  are  again  charac- 
terised by  the  number  and  arrangement  of  the  stamens.  The  following 
occur  in  the  Epglish  flora  : — 

XX.  I,  Orchis^  Ophrys,  Epipactis;  XX.  2,  Cypripedium;  XX.  6, 
Aristolochia ;  XXI.  i,  Euphorbia;  XXI.  3,  Sparganium^  most  Ca- 
rices ;  XX.  4,  Alnus;  XXI.  5,  Betula^  Fagus^  Quercus;  XXI.  6, 
Pinus;  XXII.  2,  Salix ;  XXII.  3,  Empetrum^  Ruscus ;  XXII.  4, 
Viscum;  XXII.  5,  Humulus;  XXII.  6.  Tamus ;  XXII.  7,  Populus; 
XXII.  8,  HydrochariSf  Mercurialis ;  XXII.  12,  Taxus. 

Class  XXIII.  comprises  the  order  : — 

I.  POLYGAMIA  Monoecia.     Atriplex, 

The  24th  class  Linnieus  divided,  according  to  their  natura  relation- 
ships, into  4  orders  : — i.  Filices ;  Ferns.  2.  Musci ;  Mosses.  3. 
Algae.     4.  Fungi. 


THE  NATURAL  SYSTEM. 

The  system  of  classification  at  present  in  use  has  gradu- 
ally grown  up  from  a  combination  of  those  proposed  by 
Jussieu,  De  Candolle,  Endlicher,  Lindley,  Bentham,  and 
other  systematists,  and  may  therefore  be  called  an  Eclectic 
System.  According  to  it  the  vegetable  kingdom  is  divided 
into  two  great  sections,  Cryptogamia  and  Phanerogamia,  the 
former  being  destitute  of  flowers  containing  anthers  and 
ovules,  the  latter  having  these  organs. 

R2 


2 44  Structural  and  Physiological  Botany, 

Cryptogamia  are  again  divided  into  four  groups  or  sub- 
divisions, viz. : — 

1.  Thallophytes  or  Leafless  Cellular  Cryptogams. 
Plants  which  have  no  leaves  and  no  vascular  tissue,  but  are 
constructed  of  cells  only.  There  are,  however,  certain 
transitional  forms  which  must  not  be  overlooked  between 
these  and  the  leafy  Cryptogams.  To  this  sub-division  be- 
long :  I,  Algcd ;  2,  Fungi  \  and  3,  Lichens,  It  is  impossible 
to  lay  down  accurate  lines  of  demarcation  between  these 
three  classes  ;  but  it  may  be  stated  broadly  that  Algae  con- 
tain chlorophyll,  and  are  therefore  able  to  avail  themselves 
of  inorganic  food-materials ;  while  Fungi  contain  no  chloro- 
phyU,  and  are  therefore  not  able  to  make  use  of  absorbed 
unassimilated  food-materials,  but  are  compelled  to  live  as 
parasites  on  other  organisms,  or  on  organic  remains. 
Lichens,  again,  assume  an  intermediate  position,  uniting  in 
themselves  the  characters  of  Algae  and  FungL 

2.  Charales.  Submerged  water-plants  readily  recog- 
nised externally  by  their  organs  of  reproduction,  which  re- 
semble a  spirally  striated  nucule  surmounted  by  a  coronet 
Their  distinguishing  characteristic  lies  in  the  peculiar  pheno- 
mena connected  with  the  formation  of  the  organs  of  reproduc- 
tion (Figs.  418-420,  pp.  292,  293). 

3.  MusciNEiE.  We  have  here  a  distinctly  marked  alter- 
nation of  generations.  From  the  spore  is  developed  either 
directiy  (in  most  Hepaticae)  or  indirectly,  as  the  lateral 
branch  of  a  so-caWtd  prothallium  (in  some  Hepaticae  and 
all  Musci)  a  plant  which  bears  the  organs  of  reproduction ; 
this  is  the  first  [sexual]  generation.  The  result  of  fertilisation 
is  the  second  [nonsexual]  generation,  a  fruit-like  structure, 
the  sporogonium,  in  which  the  spores  are  formed.  This 
group  is  divided  into  two  classes:  i,  HepaticcSy  and  2, 
Musci,  of  which  the  former  has  capsular  sporogonia,  usually 
opening  with  valves,  and  containing,  in  addition  to  the 
spores,  elaters,  i.e.  elongated  spirally  thickened  cells  (Fig.  422, 

III.  p.  2gs)  [the  object  of  vjYv\c\v  \s  \,o  ^l^'&V^X.  l\v^  dissemina- 
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tion  of  the  spores];  while  the  sporogonia  of  Musci  have 
usually  a  removable  lid  or  operculum  and  do  not  contain 
elaters. 

4.  Vascular  Cryptogams.    These  possess  true  vessels, 
and  are  also  characterised  by  the  development  from  the 
spore  of  a  leafless  prothallium  of  small  size,  bearing  the 
oospheres  from  which,  after  fertilisation,  the  spore-bearing 
plant  is  produced.     The  former  is,  therefore,  the  sexual,  the 
latter  the  nonsexual  generation.     They  are  classified  into  two 
series — the  Isosporous  and  the  Heterosporous,     The  former 
produce  only  one  kind  of  spore  ;  the  prothallium,  which  is 
developed  from  this,  grows  for  a  considerable  time  inde- 
pendently of  the  spore,  and  bears  both  the  male  and  female 
organs  of  reproduction  \antheridia  and  archegoni(i\.     The 
Heterosporous  Vascular  Cryptogams  produce,  on  the  con- 
trary,  two   kinds  of   spores,    larger    or   macrospores^   and 
smaller  or  microspores.     From  the  former  arise  prothallia, 
on  which  the  oospheres  are  developed ;  while  the  latter 
produce  only  a  slight  trace  of  prothallium,  and  almost 
immediately  the  male  elements,  the  spermatozoids  or  an-  • 
therozoids.      The    Isosporous  Vascular    Cryptogams    are 
divided  into  three  classes  :    i.  Filices,     The  prothallium  is 
above-ground  and    green ;    the  sporangia  are    epidermal 
structures  (trichomes)  of  the  leaves.     2.  Equisetacece,     The 
prothallium  is   above-ground  and  green ;    the  verticillate 
leaves  are  provided  with  sheaths  ;  the  sporangia  are  formed 
several  together  on  the  margin  of  peltate  leaves,  which  form 
a  terminal   fructification.      3.    Ophioglosscicece,      The  pro- 
thallium is  subterranean,  not  green,  and  monoecious ;  the 
stem  is  unbranched  ;  the  sporangia  are  formed  on  a  branch 
of  the  leaf  which  forms  a  panicle  or  spike.     The  Hetero- 
sporous Vascular  Cryptogams  include  the  two  remaining 
classes : — 4.  Rhizocarpeoi.      The  sporangia  are  formed  in 
considerable  numbers  in  the  interior  of  hollow  capsules,  the 
sporocarps,  and  contain  either  a  single  macrosi^ore  ot  •»>. 
number  of  microspores.     5.  Lycopodiacea.     T\\fc  ^^^\^xns^^ 
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are  produced  singly  on  the  upper  side  and  near  the  base  o( 
the  leaf.  The  macrosporangia  contain  a  small  number  of 
macrospores,  the  microsporangia  a  large  number  of  micro- 
spores. 

Phanerogamia  or  Flowering  Plants  are  classified  into 
two  divisions : — i.  Gymnospermia,  in  which  the  ovules  are 
naked,  ue,  not  enclosed  in  an  ovary ;  and  2.  Angiospermia, 
in  which  they  are  so  enclosed.  The  alternation  of  genera- 
tions is  in  them  concealed  in  the  formation  of  the  seed.  The 
pollen-grain  corresponds  to  the  microspore,  and  the  embryo- 
sac  to  the  macrospore  of  the  Heterosporous  Vascular  Crypto- 
gams. Gymnosperms  comprise  the  Cycadecey  which  have  a 
simple  stem  and  pinnate  leaves ;  and  the  Coniferce,  with 
branched  stem  and  simple  usually  acicular  leaves.  Angio- 
sperms  are  again  divided  into  two  classes,  Monocotyledones 
and  Dicotyledones.  In  the  former  the  embryo  has  only  a 
single  cotyledon,  the  vascular  bundles  of  the  stem  are  dis- 
persed, and  the  prevalent  number  in  the  parts  of  the  flower 
is  3.  In  Dicotyledons  the  embryo  has  almost  always  two 
opposite  cotyledons,  the  vascular  bundles  are  united  in  the 
stem  into  a  more  or  less  complete  ring,  surrounding  a  central 
(axial)  pith,  and  the  prevalent  number  in  the  parts  of  the 
flower  is  5  [or  4]. 

It  is  necessary  again  to  state  very  distinctly  that  there  are  a  number 
of  plants  which  must  be  assigned,  in  consequence  of  their  natural  affi- 
nity, to  a  class  in  which  they  could  not  be  included  if  its  distinguishing 
characteristics  were  rigidly  interpreted.  If,  however,  in  such  a  case  the 
principle  of  the  classification  were  to  be  rigidly  enforced,  we  should 
fall  into  the  greater  evil — because  still  more  opposed  to  the  idea  of  a 
natural  system — of  separating  arbitrarily  what  are  naturally  related. 
Even  the  best  natural  system  must,  therefore,  be  either  not  altogether 
systematic,  or  must  be  unnatural,  because  any  systematic  attempts  to  con- 
strain free  Nature  in  the  fetters  of  an  arrangement  which  is  foreign  to 
her,  must  leave  out  of  account  the  numerous  transitional  forms  which 
occupy  intermediate  places  between  the  principal  types. 
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CRYPTOGAMIA,  OR  FLOWERLESS   PLANTS. 

Class  I.     Al^. 
The  Algae  include  some  of  the  smallest  and  simplest 
forms  of  vegetable  life,  rising  in  other  instances  to  a  high 
degree  of  organisation  and  considerable  dimensions.     Some 


species  of  PalmeUa  have  a  diameter  of  only  -oooi  to  -0002 
mm.,  whiJeJ/tfiTf^j^  attains  aVeiigftioi  ^wiTafc'ae.^'si.'wiss^^ 
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The  important  points  of  distinction  between  the  different 
forms  depend  either  on  the  degree  of  development  of  the 
individual  cells,  or  on  the  mode  in  which  they  combine. 
Even  among  the  Unicellular  Algse  the  greatest  variety  of 
forms  is  found,  from  the  globular  Pleurococcus  (Fig.  59, 
p.  37),  and  the  rooting  spherical  cell  of  Botrydium  (Fig.  81, 
p.  55),  to  the  species  of  Caulerpa  (Fig.  380)  of  tropical  seas, 
two  feet  in  length,  and  simulating  the  appearance  of  stem, 
leaves,  and  roots.  Sometimes  the  single  cell  branches 
copiously,  its  branches  becoming  most  intimately  connected 
with  one  another  in  such  a  peculiar  way  that  a  tissue-like 
structure  is  produced,  as  in  Coleochcete  scutata,  and  a  section 
through  the  whole  presents  the  appearance  of  a  number  of 
cell-cavities,  where  we  have  actually  only  protuberances  of 
a  single  cell.  Sometimes  these  protuberances  lie  in  such 
regular  layers  one  over  another,  that  a  transverse  section 
might  be  imagined  to  exhibit  one  medullary  and  two  cor- 
tical layers,  as  in  Udotea  cyathiformis.  A  number  of  Uni- 
cellular Algae  often  constitute  a  colony  of  cells  genetically 
and  organically  united,  which  behaves  to  its  environment 
in  all  respects  as  a  single  individual  (Figs.  58,  59,  p.  37). 
The  Multicellular  Algae  are  either  filiform,  the  cells  arranged 
in  a  single  row  or  thread  (Fig.  54,  p.  32) ;  or  the  cells  form 
a  flat  surface  or  single  layer  only  one  cell  thick  (Fig.  82, 
p.  56) ;  or,  finally,  a  solid  mass  of  cells  in  three  directions. 
Within  these  three  classes  even  a  greater  variety  of  form 
prevails  than  in  the  Unicellular  Algae  ;  some  of  the  larger 
species  of  Fiicus^  for  example,  often  bearing  a  resemblance 
to  branched  trees.  In  the  massive  Algae  it  is  very  common 
for  there  to  be  a  differentiation  to  this  extent  into  epidermis 
and  fundamental  tissue,  that  the  outermost  layers  consist  of 
smaller  cells  with  thicker  walls,  while  the  interior  cells  are  often 
much  larger,  and  sometimes  of  great  length.  It  is,  however, 
possible  at  most  to  speak  only  of  a  pseudo-parenchyma; 
there  is  nothing  of  the  nature  of  primary  parenchyma  or 
cambium  ;  and  the  entire  piocess  ol  ^o^\JaYs»%w^Ts\fc^\s^ 
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a  single  apical  cell     True  roots  provided  with  a  root-cap 
are  also  altogether  wanting. 

The  cell-walls  usually  consist  of  ordinary  unlignified 
cellulose,  which  is  coloured  blue  by  iodine  and  sulphuric 
acid.  It  is  worthy  of  note  that  the  cell-walls  of  Algse  have 
a  great  disposition  to  become  converted  into  a  mucilaginous 
substance,  causing  the  entire  organism  sometimes  to  become 
surrounded  by  a  gelatinous  envelope,  while  in  other  cases  a 
stalk-like  mass  of  jelly  connects  the  Alga  with  others  of  the 
same  kind,  or  fixes  it  to  its  substratum.  Many  are  cal- 
careous, and  the  calcium  carbonate  is,  in  some  cases,  as 
Corallina,  deposited  in  the  cell-wall ;  while  in  others,  as 
Cymopolia,  it  is  excreted  into  the  intercellular  spaces.  The 
cell-walls  of  the  Diatomaceae  form,  in 
consequence  of  the  deposition  in  them 
of  silica,  actual  coats  of  mail  which  are 
not  destroyed  either  by  decay  or  at  a 
red  heat.  Although  the  Diatoms  are  at 
most  o-i  mm.  in  diameter,  these  sili- 
ceous coatings  fonn  strata  which  are 
not  without  importance  in  building  up 
the  crust  of  the  globe,  as  in  the  case  of 
emery  and  infusorial  earth  {Fig.  38, 
p.  22,  and  Fig.  381). 

It.  is  rare  for  the  cells  of  Algse  to 
possess  a  nucleus ;  but  they  often  con- 
tain starch.  The  presence  of  chloro- 
phyll is  of  special  importance;  and  this 
is  invariable,  although  often  concealed 
by  pigments  of  various  colours.  These 
combinations  of  colours  are  remarkably 
constant  in  large  natural  groups.  Thus 
the  NostocaceK  are  of  a  bluish  or  light- 
green  colour,  the  Diatomaceas  yellow,  the  Fucacese  brown  or 
olive,  and  the  Florideje  of  a  beautiful  rose-red.  BtA'tv.  ^Jft.t 
chloroph/lJ  and  Uie  other  colouring  mattere  wixaecafi.^s.tawa. 
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granules  in  the  living  cells,  sometimes  broad  bands  often 
curved  spirally,  as  in  Spirogyra  (Fig.  41,  p.  25),  sometimes 
elegant  discs,  the  forms  of  which  are  characteristic  of  par- 
ticular genera.  It  is  also  not  uncommon  for  the  chlorophyll- 
grains  to  be  imbedded  in  coloured  fluids.  On  the  death 
of  the  plant  these  colouring  matters  commonly  undergo  a 
change,  so  that,  when  dried,  Algae  seldom  retain  the  beauti- 
ful colours  of  the  living  plant 

The  reproduction  of  Algae  is  effected  in  a  number  of 
different  ways  ;  viz.  : — 

1.  By  Fission  or  Division ;  the  plant  dividing  into  two 
.  new  individuals.    This  occurs  especially  in  the  Diatomaceae. 

2.  By  GemmcB^  which  become  detached  from  the  parent- 
plant  as  single  cells,  rarely  as  masses  Of  cells,  and  grow  into 
new  independent  plants.  Of  this  nature  are  the  tetraspores 
of  the  Florideae  (Fig.  382) ;  and  a  similar  mode  occurs  also 
in  Spirogyra,  Zygnema,  Ulothrix^  &c. 

3.  By  Swarmspores  or  Zoospores  (Fig.  82,  p.  56,  and  Fig. 
385).  One  or  more  naked  primordial  jcells  are  formed  by 
free-cell  formation  in  a  particular  cell  of  the  parent-plant, 
become  free  by  rupturing  its  cell-wall,  and  then  swim  about 
in  the  water  for  a  longer  or  shorter  time,  like  infusoria,  by 
means  of  two,  four,  or  a  larger  number  of  vibratile  cilia  with 
which  they  are  provided.  They  are  microscopic  and  desti- 
tute of  a  cell-wall ;  but,  after  gradually  coming  to  rest,  de- 
velope  a  cell-wall  of  cellulose,  and  then  grow  into  a  new 
Alga.  They  occur  in  both  freshwater  and  marine  Algae, 
Vaucheria,  CEdogonium,  &c. 

4.  By  the  formation  of  Oospores  or  Embryos  from  the 
coalescence  of  the  contents  of  two  cells.  The  simplest 
variety  of  this  process  is  that  known  as  Conjugation,  in 
which  no  difference  is  perceptible  between  the  fertilising 
and  the  fertilised  cells  (Fig.  54,  p.  32,  and  Fig.  383).  This 
occurs  in  the  Conjugatae  and  Diatomaceae.  Less  frequently 
two  swarmspores,  one  of  which  exceeds  the  other  in  size 

maLTiy  times,  coalesce,  tbe  ^io^mcX.  o^  \icv€\i  Nsxisss^  \i^iag  a 
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single  reproductive  cell,  as  in  Pandoritia  and  Ulothnx. 
This  last  form  of  conjugation  constitutes  a  connecting  link 
between  the  modes  of  reproduction  by  swannspores  and  by 
oospores.  Those  processes  of  impregnation  are  more  com- 
plicated in  which  the  two  cells  which  share  in  the  produc- 
tion of  the  embryo  are  unlike.  The  fertilising  [male]  body 
is  in  these  cases  termed  a  spermatezoid,  atUlurosoid,  or 


—  Conjuga-    Fra.  384.- 
(ETdlly  nugniAed).       ateeKH^ng ;  f  parer 


Spenn-cell ;  the  mass  of  protoplasm  which  has  to  be  fer- 
tilised [female  cell],  an  oosphere  or  Germ-cell.  The  latter 
are  many  (often  several  hundred)  times  larger  than  the 
former.  The  antherozoids  are  first  formed  in  a  cell  which 
is  called  an  antheriiiiutn,  and  the  oosphere  is  the  result  of 
the  contraction  of  the  protoplasm  of  a  special  cell  termed 
the  oogonium.  In  Vauc/teria,  i'ig.  384,  a  number  of  elon- 
gated antherozoids  are  formed  in  the  antheridia,  here  called 
'  horns ; '  these  penetrate  into  the  oogonium  through  an 
opening  formed  in  its  cell-wall  at  the  period  of  iXs,  ■ra5k'TOs\\>i, 
and  finaiJ/  reach  the  oosphere.    The  \a.ttet  tioftve.'s.  \«^S^ 
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after  fertilisation,  with  a  membrane  of  cellulose,  and  becomes 
the  oospore  or  embryo.  This  embryo  assumes  the  form  of 
a  restingspore,  which  does  not  germinate  at  once,  but  is  set 


tri-i;  when  the  Alga  itself  decays,  sinks  to 

the  ground,  remains  dormant  through  the 

n  inter,  and  germinates  in  the  spring.    In 

n  (Fig.  385)  the  oogonium  is  a  cell  of  the  filament 

itself.     The  muUicellular  antheridium  or  '  Dwarf  Male '  is 

formed    from    a   peculiar   swarmspore    \atidrospore\   which 

attaches  itself  to  the  oogcmum.    Only  a  single  antherozoid 

is  formed  in  each  cett  ot  ftie  3av&et\STO\a,  -«\*kSv  teKai^Rs. 
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through  a  slit  and  forces  itself  into  the  oogonium  through  an 
opening  foixned  at  the  same  time  in  its  cell-wall,  and  finally 
reaches  the  oosphere,  which  then  developes  into  a  resting- 
spore.    In  the  Floridese  the  antherozoids  ^ 

[are  unprovided  with  cilia  and]  are  only 
naoved  about  passively  In  the  water;  they  « 
attach  themselves  to  a  hair-like  cell,  the 
trichogyiie,  emptying  their  contents  into  it. 
The  result  of  this  impregnation  is  seen 
sometimes  |t  the  base  of  the  trichogyne 
(in  Neinalium,  Fig.  386),  sometimes  in 
adjoining  cells  (in  the  Ceraraiaceas),  some- 
times (in  Dudresnaya)  in  altogether  dif- 
,  ferent  branches,  on  which  cysiocarps  are 
fonned,  which  contain  the  oospores. 

In  many  sections  of  Algee  different 
modes  of  reproduction  occur  in  the  sai 
species ;   and  these  are  often  associated   , 
into  an  Alternation  of  Generations  ;  by 
which  is  meant  that  the  mode  of  repro- 
duction varies  according  to  the  genera- 
tion.   This  occurs  especially  in  the  fresh- 
water AlgE,  where  an  individual  which  is 
developed  out  of  a  swarmspore  itself  pro-  f,u,  jad-Fmiiisation 
duces  sexual  organs,  and  vice  vers&.  itfiM^'^^^a^ 

AlgEe  are  submerged  water  plants,  or  ^^*™'^  ""'"'** 
at  all  events  require  water  for  their  pro- 
cesses of  development,  and  especially  for  their  reproduc- 
tion. Certain  vital  phenomena,  as  for  instance  the  alter- 
nation of  generations  and  the  production  of  swannspores,  are 
sometimes  dependent  on  immersion  in  water  following 
the  drying-up  of  the  cells.  The  degree  of  concentration 
of  the  fluid  in  which  Algie  grow  has  also  a  great  influ- 
ence on  their  development  Chlorococcus  infusionum,  for 
example,  propagates  itself  in  a  less  dense  nutrient  fluid 
by  means  of  snarmspores,  in  a  moTt  wiuc^tAx^WiSi.  ^ct- 
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dium  by  breaking  up  into  motionless  globules ;  and  when 
these  spherical  cells  become  closely  crowded  together  by 
the  gradual  evaporation  of  the  fluid,  they  coalesce  into  a 
pellicular  stratum,  the  individual  globules  assuming  a  poly- 
gonal form  in  consequence  of  their  mutual  pressure.  This 
latter  form  was  at  one  time  described  under  the  name  Lim- 
fiodictyon  Rosmurianum.  Algse  are  rarely  true  parasites, 
although  they  very  commonly  inhabit  the  surfece  of  other 
plants ;  they  much  more  often  obtain  their  food  by  direct 
assimilation.  They  may  be  classified  accordjpg  to  their 
habitat  into  Freshwater  and  Marine  Algae.  The  former  are 
mostly  green,  and  are  foimd  plentifully  in  any  stagnant 
water  or  ditch  in  the  spring  and  summer,  and  not  imfi^- 
quentiy  contribute,  by  their  process  of  vegetation,  to  the 
removal  of  substances  decaying  in  the  water.  The  red, 
green,  and  brown  marine  Algae  are  larger  and  of  much  greater 
beauty ;  some  of  these  live  only  in  the  breakers,  others  only 
on  the  quiet  bed  of  the  ocean.  They  very  often  occur  in 
great  masses ;  the  largest  of  these  is  the  *  sargasso  sea,'  which 
occupies  several  thousand  square  miles  in  the  Atlantic  be- 
tween 19''  and  34**  N.  lat.  and  34**  and  36**  W.  long.,  the 
surface  of  the  sea  being  covered  with  detached  sterile  masses 
of  the  *  gulf-weed,'  Sargassum  bacdferum  (Fig.  387).  Sar- 
etna  or  Merismopcedia  ventriculi  is  commonly  found  in  the 
gastric  juice  of  man ;  and  it  is  still  an  undecided  question 
whether  these  cube-shaped  cells  united  together  in  strings 
are  of  pathologicial  character  or  not  The  number  of  types 
included  in  Algae  is  not  remarkably  large ;  but  that  of  the 
individuals  which  are  collected  in  masses  is  enormously  great 
The  gelatinous  substance  of  the  cell-walls  gives  to 
several  kinds  of  Algae  the  property  of  being  used  as  articles 
of  diet,  such  as  the  species  of  Laminaria  and  Ulva  (green 
laver)  on  the  coasts  of  Scotland  and  Ireland,  and  the  *  carra- 
geen moss '  which  is  obtained  from  Sphcerococcus  crispus  and 
wammillosus.  The  ashes  of  the  larger  marine  Algae  were  at 
one  time  largely  employed,  a?»  V^^,m  >Ccv&  \£\sx:^^%.ctMxe  of 
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alkali,  and  still  are  for  that  of  iodine.  Gigarthina  kelmin- 
tiocAor/ffs  famishes  'worm-moss,'  but  is  usually  adulterated 
with  other  species  of  marine  Algse. 

It  cannot  be  said  that  there  is  at  present  any  classifica- 
tion of  Algse  on  a  truly  scientific  basis.     In  its  place  a 


FiQ.  387.-1116  gulf-weed,  Sargataim  iaed/enim,  vpith  globular  berryJikt 


selection  may  be  made  of  typical  forms,  round  which  the 
rest  group  themselves. 

The  NosTOCACE/E  form  filifonn  unbranched  rows  of  celts.  The 
filaments  are  free  in  Oscillataria  ;  while  in  Nosloc  Ihey  are  enclosed  in 
gelatinous  envelopes,  and  hj  the  melling  of  these  are  often  united  inlo 
larger  colonies.  The  vegetative  cells,  which  are  ca^We  o^  SsaSsSssMj, 
inlo  daii^hter-ceHs,  contain  a  homc^eneous  01  gcBjmiM'^wft^^^asKo  tS.  a 
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bluish-green  colour,  caused  by  the  mixlure  of  the  colouring  matter  of 
chlorophyll  with  a.  blue  and  yellow  pigment.  The  fonn  of  the  in- 
dividual cells  b  discoid  or  nearly  spherical.  But  little  is  knonn  of 
their  mode  of  reproduction. 

The  Hydrodictye^  contain  pure  chlorophyll,  and  are  distin- 
guished by  producing  a.  large  number  of  swarmspores  which,  after 
coming  to  rest,  unite  into  a  family.  This  is  of  tabular  form  in  Pedias- 
Irum  (Fig.  58,  p.  37)  ;  in  Hydrodictyon  a  sack-like  wide-meshed  net. 
The  VoLVOCiNE,*  form  colonies  which  are  quadrangular  in 
Gonium,  spherical  in  Volvox  [and  Slephaitosphsrd\,  the  cells  being  im- 
bedded in  a  hyaline  jelly.  The  whole  colony  is  carried  in  a  circular 
and  pr<^ressive  movement  by  the  vibratile  motion  of  the  cilia  which 
project  from  the  separate  individuals  through  the  jelly  into  the  water.' 
The  Conjugate  are  distinguished  from  all  other  Alga;  by  their 
reproduction  by  the  process  of  Conjugation.  In  the  Zygnemese  and 
Mesocarpex  the  conjugation  takes  place  between  cells  belonging  to 
different  unbranched  filaments  (Fig.  54,  p.  31) ;  in  the  Desmidiex 
(f  Ig-  383.  p-  25 1 )  between  isolated  cells.  [The  resling-spore  resulting 
from  the  conjugation  is  called  a  iygospore^  The  Diatomacea:  (Bacil- 
larieae)  are  nearly  allied  to  the  Desmidieas.  Their  cell-wall  is  trans- 
o  a'  siliceous  coating,  ofien  showing  markings  of  the  most 
beautiliil  delicacy  (Fig.  3S,  p.  22,  and 
381,  p.  249) ;  and  the  two  halves  fit 
into  one  another  tike  the  halves 
of  a  pasteboard  box.  They  are  pro- 
pagated by  repeated  bipaQition  :  but 
the  diameter  of  the  successive  genera- 
tions gradually  diminishes  until  at 
p^;=£>;_^_j|  c™  ^g»  length  it  attains  a  minimum.  This 
^^^P=\  =i^==^^^  process  is  then  intertupted  by  the  form- 
ation of  larger  cells  or  auxospora,  and 
individuals  are  produced  which  reac]) 
the  maximum  size  of  the  species,  but 
J  in  other  respects  exactly  resemble  thdr 
d  parent-cells.  In  these  the  process  of 
bipartilion  is  then  again  commenced. 

'  \_Prolococciis  is  a  genus  of  Unicellular  Algse  but  imperfectly  knov™, 
and  generally  referred  to  this  family.  The  species  consist  of  single 
swarm  spore-like  bodies  with  a  more  or  less  evident  gelatinous  envelope  of 
cellulose,  through  which  protrude  two  vibratile  ciUa.  They  move 
actively,  and  are  multiplied  by  division  during  the  active  state,  finally 
settliag  down  itito  a  resting-BtaXe,    Sec  si»  ^.  ^\.— ■E.-c,\ 
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They  excreie  a  thin  jelly,  in  which  they  often  live  enclosed  as  colonies 
(Fig.  388).  They  are  especially  dbtinguished  by  their  apparently 
voluntary  movements. 

The  SiPHONE/e  consist  of  a  single  sac-like,  often  branched  cell, 
the  free  part  that  does  not  root  in  the  ground  containing  a  parietal 
layer  of  protoplasm  with  abundatice  of  grains  of  chlorophyll,  [but  form- 
ing no  nucleus].  They  are  propagated  by  oospores,  swarmspores,  and 
gemmae,  as  in  yaucA^rai  (Fig.  384,  p.  251).  To  this  class  belong  also 
Bettydiiim  (Fig.  81,  p.  55}  and  Caulerpa  (Fig.  380,  p.  247). 

The  FUCACE*:  are  large  brown  or  olive-coloured  seaweeds,  often 
many  feet  long  [as  in  Sargassum,  Fig.  387,  p.  255],  and  of  a.  cartila- 


ginous texture.  They  are  attached 
branched  attachment -disc.  Their 
branches,  which  are  oAen  beauti- 
fully dichotomous,  all  lie  in  one 
plane,  or  can  be  reduced  to  one 
without  violence  to  the  plant.  From 
the  dead  plant  cold  fresh  water 
extracts  a  fine  buff  pigment.  They 
very  commonly  form  air-cavitiea 
in  the  interior  of  the  tissue  [or 
occasionally  elevated  on  distinct 
stalks,  as  in  the  gulf-weed  (Fig. 
387)].  which  swell  outwards  like 
bladders  and  serve  as  swimming- 
bladders  [as  in  the  common  bladder- 
wrack.  Funis  vesiculosus}.  They 
are  propagated  by  oospores  (Fig. 
389).  The  oospheres  are  set  free 
by  the  bursting  of  the  oogonia,  and 
are  fertilised  outside  the  plant  by 
the  antherozoids.  Some  species 
are  montecious,  bearing  both  kinds 
of  reproductive  organs  [which  are 
contained  in  male  and  female  coit- 
ceplacla\  on  the  same  plant;  others 
are  dicecious,  one  individual  pro- 
ducing antheridia  only,  another  in- 
dividual oogonia  only. 

Nearly  allied  to  the  FucaccK 
are  the  Laminarie.«,  which  re- 
semble stalked  leaves  (Fig,   390). 


s  [or  other  Algx]  by  a 


iKoids  (greatly  itia£nji]fd)i 
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large  swarmspores  provided  with  two  cilia,  which  are  formed  in  in- 
definite numbers  in  special  cells.  No  process  of  impregnation  has  been 
at  present  detected  in  them. 

The  Floride^  are  red  or  violet-coloured  seaweeds,  the  green 
colour  of  their  chlorophyll-grains  being  concealed  by  a  red  pigment 
which  can  be  extracted  by  cold  fresh  water.  They  are  propagated 
[sexually]  by  means  of  oospores  formed  in  capsular  frait-like  cells,  the 
cystocarps  (see  Fig.  386,  p.  253),  and  [asexually]  by  tetraspores  (Fig. 
382,  p.  251),  produced  in  fours  in  special  cells. 

The  CEdogonie^e,  to  which  allusion  has  already  been  made,  differ 
so  greatly  from  other  Algae  in  the  processes  which  accompany  their 
reproduction,  that  they  cannot  be  included  in  any  of  the  classes  already 
named,  but  form  a  distinct  one  by  themselves  (sec  Fig.  385,  p.  252). 

The  ScHizoMYCETES  form  a  kind  of  supplementary  class  ;  a  group 
of  small  organisms  so  near  the  extreme  boundary  of  visibility  that  the 
separate  individuals  appear  only  as  minute  dots  or  rods  even  under  the 
,  most  powerful  enlargement.  All  these  organisms  are  characterised  by 
the  ease  with  which  they  break  up  into  their  separate  cells  as  soon  as 
they  come  into  contact  with  the  atmosphere,  from  which  circumstance 
they  have  received  their  name.  They  include  the  forms  known  as 
TerviOy  Bacterium^  Vibiio^  Spirillum^  Leptothrix^  &c.  (Fig.  391). 
There  are,  however,  apparently  dis- 
tinct genera  and  species  belonging 
to  this  class,  which  exist  on  par- 
ticular nitrogenous  compounds,  and 
which  are  probably  the  cause  of 
different  modes  of  decomposition  of 
their  substratum.  They  multiply 
by  transverse  division  into  two  simi- 
lar daughter-cells,  which  either  be-  Fig.  391.— I.  Bicteria-,  II.  Vihriones\ 
come  isolated  at  once,  or  remain  HI.  chain  o\  Leptothrix;  IV.  gela- 
,  -  .,       ,  1      ,.  X\no\x%  coXony  01  Zooj^loea  cholerce  \  V. 

connected  for  a  considerable  time,      sporonema gradie  {y.  loco). 

and  thus  develope  filiform  or  tabular 

colonies  of  cells.  They  usually  grow  in  water,  splitting  up  the  nitro- 
genous compounds  which  are  contained  in  it  into  ammonia  which  sup- 
plies them  with  nutriment,  and  other  substances  which  arise  as  second- 
ary products  of  decomposition.  Such  decompositions  of  nitrogenous 
substances  are  known  as  putrefaction^  and  the  Bacteria  are  the  sole 
causes  of  it,  while  the  moulds  and  infusoria  commonly  found  in  putre- 
fying substances  must  be  considered  only  as  accompaniments  of  putre- 
faction. Solid  nitrogenous  compounds  which  are  insoluble  m  water 
are  rendered  fluid  by  the  agency  of  Bactena.     TYv^Sfe  \>o^\^^  -^asa-z^^ 

S2 
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possess  a  power  of  movement  of  various  degrees  of  activity,  consisting 
in  vibrations  and  a  creeping  motion  backwards  and  forwards  ;  but  the 
causes  and  mechanism  of  these  movements  are  not  yet  certainly  known 
in  any  case.  As  soon  as  the  nitrogenous  substances  in  the  substratum 
are  entirely  consumed,  the  Bacteria  gradually  cease  multiplying,  and 
pass  over  from  their  motile  to  their  stationary  condition,  usually  secret- 
ing at  the  same  time  an  intercellular  substance,  and  congregating  into 
gelatinous  colonies  (Fig.  391,  iv.).  In  this  state,  when  they  are  known 
as  Zooglatty  they  still  continue  to  grow,  divide,  and,  under  certain  cir- 
cumstances, again  to  become  active.  Those  Bacteria  which  develope 
in  damp  air  on  nitrogenous  nutrient  substances  also  form  gelatinous 
masses  ;  they  usually  produce,  as  secondary  products  of  their  process  of 
assimilation,  red,  violet,  yellow,  green,  and  brown  colouring  substances. 
The  Schizomycetes,  being  all  unicellular,  are  at  present  included  under 
Algae,  among  which  they  show  the  nearest  affinity  to  the  Nostocaceae. 
They  were  at  one  time  placed  among  Fungi,  to  which  they  show  an 
analogy  in  their  mode  of  life,  since  they  live  on  organic  substances, 
obtaining  their  nutriment  from  them  ;  all  fluids,  in  fact,  which  con- 
tain organic  substances  undergoing  decomposition,  have  particular  forms 
of  the  Schizomycetes,  and  usually  in  large  numbers.  It  is,  neverthe- 
less, still  an  open  question  whether  these  organisms  belong  to  the 
animal  or  vegetable  kingdom,  or  whether  they  occupy  an  intermediate 
position  between  the  two,  partaking  of  the  characters  of  both,  or  may 
be  erected  into  an  indepeadent  kingdom,  the  Protista  [of  Haeckel],  the 
point  of  departure  of  the  two  others. 

When  water  which  contains  living  Bacteria  is  evaporated,  a  great 
number  of  these  organisms  are  carried  into  the  air,  and  in  particular  the 
most  minute  globular  forms,  the  Microbacteria.  The  germs  of  Bac- 
teria which,  in  consequence,  rise  into  the  air  whenever  putrefying  fluids 
are  evaporated,  are  carried  down  everywhere  by  rain,  are  sucked  in 
with  the  air  in  breathing,  and  hence  become  causes  of  putrefaction  in 
all  nitrogenous  substances  exposed  to  the  air,  since  their  vitality  is  not 
lost  in  the  atmosphere.  Of  this  nature  are  many  and  possibly  all  causes 
of  putrefaction  and  the  propagators  of  contagious  diseases.  These  latter 
are  mostly  immotile  globular  Bacteria  {SphcBrobacteria)^  often  united 
together  into  clusters,  drinking-water  being  usually  considered  the 
medium  of  their  propagation.  The  blood  of  animals  attacked  by  con- 
tagious diseases  generally  contains,  a  considerable  time  before  their 
death,  a  prodigious  number  of  Bacteria — straight,  rigid,  cylindrical  rods 
which  are  bent  at  an  obtuse  angle  in  one  or  two  places,  extremely 
slender,  and  usually  not  more  than  from  -004  to  •012mm.  in  length. 
In  the  intestines^  excrements,  and  \om\X  oi  Ocvo\«^-^^\:\^xv\s.  ^.x^  found. 
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at  least  at  the  commencement  of  the  attack  and  possibly  as  its  cause, 
enormous  quantities  of  organisms,  the  identity  of  which  with  Zooglocd 
Termo,  or  their  difference  from  it  as  a  separate  organism  under  the 
name  Z.  ckolerce  (Fig.  391  iv.),  has  not  yet  been  determined.  Under 
the  Schizomycetes  must  also  be  included  Leptothrix  buccalis  (Fig.  391 
III. ),  an  organism  which  always  occurs  in  the  mouth,  -especially  in  the 
morning,  but  is  in  general  without .  significance  as  a  morbificant. 
It  consists  of  extremely  delicate  transparent  filaments,  which,  neverthe- 
less, appear  to  be  composed  of  separate  cells,  since  they  break  up  into 
sharply  defined  pieces  simply  on  being  touched.  To  this  class  belongs 
also  the  substance  known  as  Monas  prodigiosan  dosely  resembling  the 
red  corpuscles  of  the  blood,  which  sometimes  appears  in  prodigious 
quantities  on  bread  and  similar  substances. 

[As  Protococcus  is  one  of  the  types  of  organic  life  to 
which  special  attention  is  called  in  the  new  syllabus  for 
the  science  examinations  at  the  University  of  London,  a 
somewhat  more  detailed  account  may  be  given  of  what  is  at 
present  known  respecting  it.  It  is  found  very  abundantly 
in  the  mud  where  rain-water  collects,  and  in  similar  situations. 
In  its  most  ordinary  form,  each  individual  consists  of  a 
single,  nearly  spheroidal,  cell  from  '003  to  '00001  inch  in 
diameter ;  and  varying  in  colour  from  bright  green  to  bright 
red,  according  to  the  relative  proportion  of  a  green  and  a 
red  colouring  matter  diffused  throughout  the  protoplasm  or 
occurring  in  the  form  of  granules.  In  this  form  it  multiplies 
with  great  rapidity  by  fission,  Le,  by  simple  cell-division ; 
and  is  also  stated  occasionally  to  increase  by  gemmation 
or  budding.  The  individual  Protococcus  performs  all  the 
functions  of  an  ordinary  vegetable  cell,  respiring,  i,e. 
absorbing  oxygen  and  giving  off  carbon  dioxide  in  the 
dark,  in  consequence  of  the  oxidation  of  its  substance, 
and  probably  also  in  the  daytime,  although  the  process  is 
then  concealed  by  the  opposite  process  of  nutrition,  or  the 
decomposition  of  carbon  dioxide  and  eUmination  of  oxygen, 
which  is  effected  by  the  chlorophyll  under  the  influence  of 
sunlight.  The  change  to  the  active  conditiorvta.VLS.'s^^Va.^^VKs. 
the  io\)omng  way.     The  protopVasm  VxXJcv^xo.^'s*  \\s.^S.  S.^?^'^?^^ 
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the  cell- wall  at  all  but  two  points,  where  it  protrudes  through 
the  wall  in  the  form  of  long  vibratile  cilia,  by  the  motion  of 
which  it  is  propelled  through  the  water.  The  cilia  are  ex- 
tremely delicate,  and  are  invisible  except  when  moving  very 
slowly,  or  when  artificially  coloured  by  some  reagent,  as 
iodine,  which,  however,  kills  the  plant.  In  this  condition  it 
sometimes  loses  its  cell-wall,  and  swims  about  as  a  naked 
primordial  cell.  Eventually,  however,  it  loses  its  cilia, 
clothes  itself  with  a  coat  of  cellulose,  and  becomes  quiescent . 
In  this  state  it  may  retain  its  vitality  when  dried  up,  even 
for  years ;  and  will  then  resume  its  activity  when  again  placed 
in  water. — Ed.] 

Class  II.    Fungi, 

The  elements  of  which  the  vegetative  parts  of  Fungi 
that  do  not  subserve  the  process  of  reproduction  consist, 
are  hyphce,  or  filaments  of  cells  destitute  of  chlorophyll, 
which  usually  branch  repeatedly  by  lateral  ramification,  and 
grow  only  at  then  apices.  In  a  small  group  which  forms  a 
transitional  step  from  Algae  to  Fungi,  the  Phycomycetes, 
the  entire  vegetative  portion  of  the  Fungus  consists  of 
a  single  undivided  cell.  The  next  group  in  the  ascending 
series,  the  Mould-fungi,  consists  only  of  a  single  often  much ' 
branched  filament  of  cells.  Even  in  the  highest  forms  the 
filaments  either  run  parallel  to  one  another,  or  in  an  irre- 
gularly complicated  mass,  but  often  forming  structures  of  an 
externally  definite  form  characteristic  of  particular  species. 
Sometimes  the  hyphae  are  compacted  at  particular  parts  into 
a  dense  parenchymatous  structure,  known  as  z. pseudo-paren- 
chyma^ as  in  the  larger  Fungi,  of  which  it  forms  the  main 
mass. 

A  number  of  unicellular  organisms,  such  as,  especially, 

the  Yeast-fungi^  which  form  cloudy  or  slimy  precipitates  or 

pellicles  on  the  surface  of  organic  bodies  in  a  state  of  ^t- 

composition,  are  also  usually  included  in  this  class.     It  is, 

however,   still  doubtful  w\veX\vti  \)cv^^^  ci\%^xv\'SKss.  ^\^  ^^vJ.^ 
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particular  stages  in  the  development  of  higher  Fungi,  or  are 
independent  forms  of  life  arising  from  specific  germs  of  their 
own  •  the  beer-yeast,  for  example,  being  a  low  type  of  the 
Ascomycetes.     (For  further  particulars  see  p.  277). 

The  cell-wall  of  Fungi  consists  of  cellulose,  which  how- 
ever is  only  very  rarely  coloured  blue  by  iodine  and  sul- 
phuric acid,  and  is  therefore  considered  a  special  modifica- 
tion, under  the  name  Fungus-cellulose.  Very  often  the 
outer  layers  of  the  cell-wall  swell  up  and  pass  over  into  a 
gelatinous  or  mucilaginous  condition. 

The  cells  of  Fungi  contain  neither  nucleus,  starch- 
grains,  nor  chlorophyll ;  but  their  characteristic  contents 
are  a  fatty  oil  Calcium  oxalate  is  very  commonly  found 
on  the  surface  of  the  cells,  very  rarely  in  their  interior. 

The  thallus  of  Fungi  consists  of  two  principal  parts,  the 
mycelium  and  the  receptacle.  The  former  is  developed  at 
once  on  germination,  and  either  consists  of  simple  filaments, 
or  forms  loose  flocculent  masses,  branching  bundles,  pelli- 
cular expansions  (as  Penicillium  when  growing  on  fluids),  or 
finally,  compact  tuberous  masses,  the  '  sclerotia/  as  in  ergot. 
Its  term  of  life  is  longer  or  shorter,  often  several  years,  and 
it  produces  the  receptacles  only  once  or  repeatedly  (/.<?.  may 
be  either  monocarpic  or  polycarpic). 

The  receptacle  or  stroma  is,  as  a  rule,  the  most  con- 
spicuous part  of  the  Fungus,  and  is  popularly  regarded  as 
the  whole,  as  in  the  mushrooms.  Fertile  hyphcBy  consisting  of 
only  a  single  filament,  usually  erect,  are  distinguished  from 
true  receptacles  of  a  compound  structure. 

In  the  fertile  hyphae  the  terminal  cells  of  the  principal 
filament  and  its  ramifications  become  the  mother- cells  of 
the  reproductive  cells  or  spores,  their  growth  as  a  rule  then 
ceasing.  A  fresh  growth  of  the  lower  portion,  however, 
frequently  begins  after  the  ripening  of  the  first  spores,  which 
soon  again  terminates  with  a  new  formation  of  reproductive 
organs,  the  process  being  sometimes  agaia  rei^eat^d  ^£l^\.  -^ 
time. 
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•  The  receptacle  varies  greatly  in  its  external  form  j  but 
the  production  of  spores  is  almost  always  limited  to  a  par- 
ticular part,  the  hymmium.  Thus,  for  example,  in  the 
muEhroom- shaped  Fungi  (Agaricini)  the  spores  are  formed 
only  on  delicate  plates  on  the  under  side  of  the  pilms. 
In  many  cases  the  receptacle  is  naked ;  in  others  the  lower 
side  of  the  pileus  is  covered  with  a  membrane  which  is 
ruptured  when  near  maturity  (Fig.  392)  (velum  partiak  or 


Fia  39J.— Ml 


annubts);  or  often  the 
in  such  a  membrane  (ve. 
are  present  (Fig.  393  i). 
as  Bovista  and  Tuber, 
gleba  is  also  given  in 
chambers,  and  is  found 
tachs,  the  peridia  (Fig. 
PfTCDOm/cetes,  finally, 


pileus  and  Stalk  are  both  enveloped 

lutn  universale),  or  occasionally  both 
In  the  Phalloidete  and  Tuberacese, 

the  hymenium,  to  which  the  term 
these  cases,  is  distributed  into 
in  simple  or  double  sacs  or  recep- 
394),  enclosed  on  all  sides.     The 

have  STOa.\i  ftasY-^'tia.-^ei  Tei::e.-^fcaK.U«, 
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Miw^flir,  n  viluKfartiaU  or  annutiis.  U,  T»n  rf  ».\m.v\>i«\Mi  m 
inraiigyiiftehmmiiim  of  mother  ipecien;  ii'pi*»4»^?=»n='")«»'' '''"I™ 
fponi  (x  too).  r  V  . 


266  Structural  and  Physiological  Botany, 

the  coacfptades  or  peritheda,  usually  opening  outwards  by 
a  small  orifice,  the  simple  interna!  cavity  of  which  is  almost 
completely  filled  up  by  the  soft  hymenium  (Fig.  395). 

The  reproductive  cells  are  either  the  result  of  a  process 


'  (  trongly  magn  Acd)    III  spo  ang  l 


i.  304.— Truffle    T  lir 
II.  2  pano(    he    ecej 

(more  siningiy  i-agn  fied)" 

of  impregnation  or  not  in  the  latter  case  they  are  called 
simple  spores  and  their  mother  cells  sporangia  in  the 
former  case  diflerent  names  are 
given  lo  them  according  to  their 
mode  of  formation 

Reproduction    b>    spores   is  by 

J  fir  the  most  common  mode  among 

'  Fungi     The  spores,  however,  vary 

greatly  in  their  form  and  mode  of 

formation     in    some  species   two, 

three  or  even  four  forms  have  been 

observed  forming  a  single  cycle  of 

'"  development     Their  mode  of  form- 

kmds  ■. — 
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1.  By  Division ;  i,e,  by  the  contents  of  a  sporangium 
breaking  up  entirely  into  spores  (in  the  Mucorini,  Fig.  396), 
or  being  transformed  by  segmenta-  ^• 
tion  into  a  sporidesmium  (Fig.  397). 

2.  On  basidia ;  i,e,  on  the  apex 
(Fig.  398  I.,   II.),  or  on  the   more 
filiform  or  pointed   protuberances, 
steriginata  (Fig.  398  iii.)  of  special 
cells.     Such  spores  are  called  basi- 
diospores,      acrospores,      or        11. 
exospores;    and   they   may 
either  be   formed  simulta- 
neously or  may  become  de- 
tached successively.      The 
former  mode  occurs  in  the 
Agaricini     (Fig.     393    11., 
p.     265) ;    the     latter    in 
Fenicillium  (Fig.    i,  p.   7). 
Those     that   become    de- 
tached in  succession,  or  abstricted,  usually  form  threads, 
the  younger  spores  placed  on  the  apex  of  older  ones,  and 

III. 


Fig.  2<^.—Ascophora  Mucedo :  I,  an  entire 
plant  with  six  sporangia  in  difTerent  stages 
of  development  (strongly  magnified) ;  II. 
single  sporangium  with  spores  ^  (x  200). 


II. 


Fig. 397.— Compound  Fig.  398.— I.  c  Basidiospores  of  an  Agaric;  a  cells  of  the 

spore          (sporides-  hymenium ;    b  basidium  (x  300):    II.  s  basidiospores  of 

ntium)  of  Spharia  Geaster  hygrometricus  ;  m  mycelial  filament ;  b  basidium 

Scirpi     (after     De  (after  De  Bary ;  x  390)  ;  III.  a  three  basidia  or  sterigmata 

Bary ;  x  390).  of  Exidia  spkulosa  ;  b  basidiospore  (strongly  magnified). 


the  oJdest  on  ihQ  basidium.     lu  aAev  ease's*,  ^.'Sk  C^sXo^u^ 
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and  Perofwspora,  sporangia  are  formed  instead  of  spores 
on  the  basidia.  Spores  which  become  abstricled  in  this 
way  from  the  apex  of  filaments  have  been  termed  com'dia; 
if  fonned  in  special  receptacles  or  pycnidia,  they  are  stylo- 
spores. 

3.  In  asd  or  tiuoB  (Fig.  399).    The  spores,  here  called 
ascospores,    thecaspora,    or    endospores,   are   usually  formed 


simultaneously  m  definite  number  (m  most  species  eight), 
in  the  interior  of  a  sac  like  cell  the  Asciis  or  Theca,  which 
they  do  not  entirely  fill  up  The  asci  are  usually  surrounded 
by  paraphyses,  i.e.  unbranched  unicellulax  or  multicellular 
hairs  which  are  formed  beside  them,  usually  in  large  numbers 
and  running  in  the  same  direction.  Special  receptacles  in 
which  asci  are  formed  are  called /fr/Mcati:  (Fig.  395,  p.  266), 
The  further  behaviour  of  the  spores  also  exhibits  a 
variety  of  differences.  The  Swantispores  or  Zoospores 
break  through  the  wall  of  the  cell  in  which  they  are 
formed  and  which  is  called  a  zoosporangiwn ;  and  then 
swim  about  for  some  hours  or  even  days,  as  if  endowed  with 
voluntary  power  of  motiort,  by  means  of  their  vibratile  cilia; 
afier  which  they  become  fixed  and  develope  into  new  plants 
(Figs.  400,  401}.  The  greater  number  of  spores,  however, 
aie  not  endowed  with  motioiv  oi  to^  YitA,    Y'ci.  ■sotn^  \cv. 
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stances  they  germinate  immediately  after  attaining  maturity, 
in  other  cases  where  they  have  thicker  coats,  only  after  a 


Fig.  40a — Swarm- 
spores  of  Perono- 
ipora  infestans. 
(X  390.) 


II. 


III. 


IV. 


Fig.  401. — I.  Fly  which  has  putrefied  in  water  and  become  surrounded  by  the  fila- 
ments o{  SaproUgnia  ferax  (natural  size);  II.  end  of  one  of  these  filaments 
(greaily  magnified)  ;  III.  protoplasm  of  the  end  of  the  filament  collecting  into 
globular  masses  :  IV.  biciliate  swarmspores  produced  from  the  protoplasm  escap- 
ing firom  the  cell  ( x  300X 


definite  longer  time,  so  that  they  appear  especially  adapted 
for  hibernation,  and  are  termed  resting-spores  or  teleuto- 
spores.  Differences  also  exist  in  the  mode  of  germination, 
many  spores  developing  at  once  into  a  new  plant,  while 
others  first  produce  spores  of  a  second  order  or  sporidia, 
which  then  put  out  sacs  or  pro-myeelia  {¥\g.  407,  p.  273), 
and  these  then  either  repeat  the  same  process  or  develope 
into  perfect  plants.  To  this  class  belongs  the  so-called 
Buddwg  of  yeast,   i.e.  a  contmu^X  iorovaVvysv  ^"l  's^w>S^^s6. 
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under  special  circumstances  {Fig  402)  Resembling  this  la 
the  mode  of  reproduction  by  gemma  Special  filaments  of 
the  Fungus  break  up  by  repeated  transverse  division  into  a 
row  of  cells  capable  of  germination,  which  then  propagate 
the  parent  organism  by  multi 
plication  in  the  ordinary  manner 
In  only  comparatively  few 
cases  is  a  sexual  reproduction  by 
oospores  (embryos)  known  among 
Fungi,  resulting   from  the  reci 


procal  influence  on  one  another  of  two  cells  of  different 
kinds.  In  the  Saprolegnie.-E  (Fig  403)  and  PeronosporeE 
the  female  cells  or  oogonia  are  spherical,  full  of  protoplasm, 
and  usually  terminal.  Their  protoplasm  collects  into  one 
or  more  globular  masses,  the  oospfieres,  which  have  at  first 
a  smooth  surface,  but  no  cell-wall.  During  the  formation 
of  the  oogonium  slender  branches  from  its  pedicel  or  from 
neighbouring  filaments  grow  out  towards  it.  The  upper  end 
of.  one  or  more  of  these  branches  becomes  finnly  adherent 
to  the  oogonium,  no  longer  grows,  swells  up  somewhat,  and 
becomes  separated  by  a  septum  into  an  independent  cell, 
the  fertilising  antheridium.  As  soon  as  both  the  oogonium 
and  aniheridium  liave  attained  their  full  size,  and  the  00- 
sphere  is  at  least  in  process  of  formation,  the  antheridium 
puts  out  one  or  more  beak-like  protuberances,  tbe  ferti- 
//s//^  /u^s,  which  pierce  tVie  "«ai\  oi  foe  dd^Qmi-av.   \tt  *«. 
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Saprolegnieae  these  tubes  give  way  at  the  end,  and  inject 
their  contents — minute  motile  bodies  scarcely  -002  mm.  in 
size,  the  antherozoids — into  the  oogonium.  In  the  Perono- 
sporeje,  on  the  contrary,  the  fertilising  tubes  do  not  burst,  but 
only  touch  with  their  apex  the  oosphcFes,  which  then  become 
covered  with  a  cell-wail  of  cellulose,  and  develope  into  the 
unicellular  oospores.  Closely  allied  to  this  is  the  mode  of 
fertilisation  in  the  genus  Erysiphe.  The  antheridium  does 
not  here  put  out  any  fertilising  tubes,  but  only  becomes  closely 
adpressed  to  the  oogonium  ;  this  latter  does  not  produce  a 
simple  oospore,  but  developes  into  a  pei-itheciutn  which  is 
multicellular  and  contains  the  spore-forming  sacs.  The 
process  of  Conjugation  in  some  Mucorini  must  also  be  men- 
tioned. An  instance  of  this  occurs  in  Rhizopus  nigricans, 
in  which,  when  two  filaments  come  into  contact,  each  puts 
out,  in  the  direction  of  the  other,  a  cylindrical  protuberance 
resembling  the  filament  itself  (Fig.  404).    These  two  pro- 


Fig.  404,— Fc 


tuberances  become  closely  adpressed  to  one  another  by 
their  ends,  and  grow  into  a  club-shaped  body,  in  which  a 
quantity  of  protoplasm  collects.  When  both  have  attained 
a  certain  size,  a  single  cell,  the  conjugating  cell  (c),  becomes 
separated  at  the  upper  end  of  each,  the  partition -wall  be- 
tween the  two  soon  disappears,  and  the-j  Mm.\aSs&»  ^\*a^^ 
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ductive  cell,  the  zygospore.  This  continues  to  grow,  and  at 
length  attains  a  diameter  of  more  than  o'2  mm.  To  this 
class  belong  also  the  spermatia  of  the  Ascomycetes  (Fig. 
405),  UredincE,  and  some  other  Fungi,  which  are  believed. 


and  probably  not  without  reason,  to  contain  sexual  elements. 
They  are  small,  usually  narrow,  rod-like  bodies  which  are 
abstricted  singly  or  in  rows  (as  in  the  Uredinese)  from  the 
apex  of  narrow  filaments  (sterigmata  or  basidia).  They  are 
almost  always  formed  in  large  numbers,  and  often  in  special 
receptacles,  the  spertnogonia  (Fig.  406). 

It  has  long  been  known  that  certain  forms  of  Fungi  are 
always  produced  in  a  definite  order  of  succession  with  re- 
spect to  one  another ;  but  TuJasne  was  the  first  to  show,  in 
1851,  that  one  and  the  same  species  may  have  oigans  of 
reproduction  of  several  different  kinds,  and  that  the  phe- 
nomenon referred  to  has  the  most  intimate  connection  with 
their  course  of  development  Still  more  recent  investigations 
have  shown  that  many  Fungi,  in  addition  to  this  Polymorphy 
of  the  reproductive  organs,  exhibit  also,  in  the  course  of 
their  development,  a  regular  Alternation  of  Generations  ;  so 
that  many  genera  which  had  previously  been  considered  dia- 
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tinct  on  the  ground  of  the  nature  of  their  spores,  must  now 
be  regarded  as  different  forms  of  the  same  plant  Thus,  for 
example,  the  mycelium  of  the  Peronosporese  produces  first 
conidia  and  afterwards  oospheres.  From  the  germination  of 
the  zygospore  of  Rhizoptis  nigricans  a  germinating  filament 
arises,  which  developes  directly  into  a  number  of  sporangio- 
phores;  when  its  spores  (conidia)  germinate  on  a  suitable 
substratum,  a  mycelium  is  produced  on  which  arise  first 
zygospores,  and  subse(iuently  sporangiophores  around  these. 
From  the  mycefium  of  Mucor  Mucedo  are  developed  first  of 
all  vigorous  receptacles  with  terminal  sporangia ;  the  same 
mycelium  frequently  puts  up  at  a  later  period  receptacles 
with  a  great  number  of  small  sporangia,  sometimes  called 
sporangioleSy  which  contain  only  two  or  a  small  number  of 
spores  ;  and  this  form  is  described  by  some  under  the  names 
Thamnidium  elegans  and  Ascophora  elegans. 
According  to  some  authorities  again,  beer- 
yeast,  Saccharomyces  (Torula)  Cerevisia,  is 
developed  in  wort  from  the  spores  of  the  same  V-7j 

Mucor \  while  others,  with  greater  probability, 
regard  it  as  an  independent  organism. 

The  most  familiar  instance  of  this  alter- 
nation of  generations  occurs  in  some  Ure- 
dinese,  as  in  the  common  *rust'  of  com, 
Piiccinia  graminis.  The  resting-spores  of  ^ 
this  Fungus  produce  on  germination  a  pro- 
mycelium  which  bears  three  or  four  sporidia 
(Fig.  407) ;  these  produce  first  spermogonia 
(Fig.  406),  then  cup-shaped  organs  which 
were  at  one  time  described  as  a  distinct  ^'°'  ^:—P^ccinia 

granttnts  ;    a   gcr- 

species  under  the  name  ^czdium.     The  ceci-    »n'nating     teieuto- 
atospores  lormea  m  these  organs  give  nse    mvccUum       from 

.  ..  /J  y     ^     *         \        i  •   1  .        which  sporidia  3  are 

to  restmg-spores  {teleutospores\  which  agam    being  detached  (x 
either  originate  the  whole  series  afresh,  or    *^^' 
produce  the  uredospores,  out  of  which  nothing  but  fresK\sx^dc^ 
spores  arise.   The  form  of  the  \jTeA\Tve»^V\Oa^\Q^cj?L%"^^ 

T 
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uredospores  was  also  formerly  regarded  as  a  distinct  genus 
under  the  name  Uredo, 

In  the  Pyrenomycetes  there  are  four  kinds  of  reproduc- 
tive organs,  which  are,  as  a  rule,  produced  at  different  times 
on  the  same  mycelium  or  receptacle.  These  Fungi  usually 
first  produce  conidia,  then  spermatia  enclosed  in  spermo- 
gonia,  then  stylospores  within  pycnidia,  and  finally  asco- 
spores  in  perithecia.  Any  of  these  members  of  the  series 
may,  however,  be  wanting,  except  the  perithecia. 

All  Fungi — since  they  do  not  form  chlorophyll — require 
for  their  nourishment  the  previous  formation  of  an  organic 
substance ;  they  do  not  possess  the  capacity  of  assimilating 
food-materials,  />.  of  transforming  them  into  substances 
which  will  directly  support  their  life.  Many  are  therefore 
Saprophytes^  growing  on  dead  organic  substances  in  a  state 
of  decomposition  \  others  are  Parasites^  growing  on  living 
animals  or  plants.  Many  Fungi  are  Endophytes^  living  in 
other  organisms  ;  only  a  few  Epiphytes^  living  upon  them. 

Many  Fungi  go  through  their  whole  cycle  of  develop- 
ment on  the  same  substratum ;  in  others  the  alternation  of 
generations  already  described  is  connected  with  a  change  of 
the  *  host '  on  or  in  which  they  live.  Thus,  the  resting-spores 
of  Puccinia  hibernate  on  the  haulms  of  grasses  ;  while  the 
germinating  filaments  developed  by  the  sporidia  which  are 
produced  from  them  in  the  spring  never  germinate  on  grass, 
but  penetrate  into  the  epidermal  cells  of  the  leaves  of  the 
barberry,  and  rapidly  develope  there  into  the  Fungus  pre- 
viously known  as  ^cidium  Berberidis,  The  spores  of  this 
form,  again,  when  they  enter  the  stomata  in  the  leaves  of  suit- 
able grasses,  produce  in  them,  and  in  them  only,  the  my- 
celium of  the  Puccinia,  which  bears  uredospores  and  resting- 
spores. 

The  parasitic  Fungi  disturb  the  normal  development  of 

their  host,  and  cause  contagious  and  not  unfrequently  fatal 

diseases.     Thus  the  mildew  of  young  vines  is  due  to  a  para- 

sitic  fungus,  Oidium  albicans.    1\^^  ^MXi%\jfi»  ^^.t^ches  itself 
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to  the  orifice  of  a  stoma,  and  quickly  multiplies  there,  form- 
ing a  white  mould  which  is  the  cause  of  a  great  variety  of 
imhealthy  conditions. 

The  disease  caused  by  Achorion  Schanleinii^  called 
'  Favus,'  usually  attacks  the  part  of  the  head  of  man  which 
is  covered  with  hair,  and  produces  there  the  characteristic 
straw-coloured  crab's -eye-shaped  incrustations  ;  and  since  its 
spores  grow  mto  the  hair,  this  obstinate  disease  ends  in 
complete  and  permanent  loss  of  hair.  The  phenomena  are 
similar  of  Herpes  tondens  or  tonsurans^  which  also  attacks 
the  hairy  part  of  the  head.  The  spores  of  Trichophyton  tonsu- 
rans penetrate  in  enormous  numbers  into  the  hairs,  make 
them  brittle,  and  cause  them  to  break  off  at  the  skin.  All 
these  diseases,  as  well  as  others  which  might  be  added,  are 
contagious.  Of  the  Fungi  which  inhabit  the  bodies  of 
living  animals,  and  with  the  development  of  which  par- 
ticular diseases  and  modes  of  death  of  animals  are  con- 
nected, a  number  of  different  forms  and  species  are  known. 
It  will  be  sufficient  to  state  that  Herpes  tondens  may  be  con- 
veyed from  men  to  animals,  and  vice  versd ;  and  that 
another  Fungus,  Botrytis  bassiana,  is  the  cause  of  the  mus- 
cardine-disease  which  is  so  destructive  to  silkworms.  The 
diseases  of  plants  caused  by  Fungi  have  already  been 
alluded  to. 

Saprogenous  Fungi  allied  to  the  Schizomycetes  are  the 
cause  of  the  phenomena  of  fermentation,  decay,  and  putre- 
faction. These  processes  of  decomposition  vary  according 
to  the  organism  which  occasions  them,  even  in  the  same 
substratum,  many  and  perhaps  all  species  of  Fungi  giving 
rise  to  a  special  decomposition  of  their  own.  As  little 
allusion  as  possible  will  here  be  made  to  the  confusion 
and  uncertainty  recently  imported  into  these  practically 
important  questions.  Even  the  most  easily  decomposable 
organic  substances,  such  as  albumen,  blood,  and  milk,  only 
decompose  very  slowly  when  protected  from  the  a.ccfts&  o^^ 

T  2 


f 

,  276         Structural  and  Physiological  Botany. 

Fungus- spores ;  and  may,  under  these  conditions,  remain 
fresh  even  for  some  years.  As  soon,  however,  as  access  of 
these  organisms  is  rendered  possible,  a  rapid  and  active 
decomposition  immediately  sets  in.  With  free  access  of  air, 
decay,  i.e,  an  active  oxidation,  takes  place,  the  products 
being  water,  carbon  dioxide,  and  simpler  organic  compounds. 
When  the  access  of  air  is  less  complete  the  mode  of  decom- 
position is  different,  and  less  simple  substances,  usually  of 
an  offensive  odour,  are  formed  under  the  influence  of  Bac- 
teria ;  and  the  process  is  called  putrefaction.  Another  set 
of  processes  of  decomposition  allied  to  these  are  called  by 
the  special  name  oi  Fermentation  ;  such,  are  the  formation  of 
alcohol  from  saccharine  solutions,  as  also  the  lactic,  butyric, 
acetic,  and  mucilaginous  fermentations.  The  greater  part 
of  the  substance  infested  by  the  organisms  which  incite  fer- 
mentation breaks  up  in  the  process  into  simpler  compounds, 
the  organisms  themselves  taking  up  only  comparatively 
very  small  quantities  of  nutriment.  When  the  organisms 
which  cause  decomposition  find  the  oxygen  needful  for  their 
growth  free,  they  absorb  it  eagerly,  and  multiply  rapidly ; 
but  when,  on  the  other  hand,  they  have  no  access  to  free 
oxygen,  they  withdraw  it  from  its  combinations  ;  and  this 
gives  an  impetus  to  further  decomposition.  If,  for  example, 
*  mother  of  vinegar,'  Mycoderma  aceti^  the  cause  of  acetic 
fermentation,  is  grown  on  the  surface  of  an  alcoholic  fluid 
adapted  for  its  nourishment,  the  alcohol  is  converted  into 
acetic  acid  during  the  multiplication  of  the  Mycoderma  \ 
and  it  has  been  discovered  that  this  process  is  dependent 
on  the  absorption  of  oxygen  by  the  Fungus  out  of  the  at- 
mosphere, and  its  transmission  to  the  alcohol.  When  the 
growth  of  the  Fungus  has  once  been  induced,  the  Myco- 
derma continues  to  convert  fresh  portions  of  the  alcohol 
into  acetic  acid.  Hence,  because  all  acetic  fermentation  is 
accompanied  or  caused  by  the  propagation  of  the  Myco- 
^/erma  aceti,  the  manufacture  of  vinegar  may  be  improved  by 
its  cultivation  in  a  scientific  Tciaiixv^x.    NsIV^xvXJcv^  M>^cocfertn<z 
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propagates  itself  on  vinegar,  it  decomposes  it  into  carbon 
dioxide  and  water. 

\Torula  or  Saccharomyces  Cei'evisice  being  one  of  the 
types  of  vegetable  life  to  which  special  attention  is  called  in 
the  syllabus  of  the  University  of  London,  the  following  is 
given  as  an  epitome  of  our  present  state  of  knowledge  con- 
cerning it,  according  to  Professor  Huxley.  Yeast  is  the 
brownish  fluid  which  possesses  the  property  of  causing  in  any 
solution  which  contains  sugar  the  change  known  as  Fermenta- 
tion^ that  is,  the  conversion  of  the  sugar  into  alcohol,  which 
remains  in  the  fluid,  and  carbon  dioxide  (carbonic  acid  gas), 
which  is  given  off"  in  the  form  of  bubbles.  Yeast,  when 
evaporated  at  a  low  temperature,  is  reduced  to  a  powdery 
mass  which  retains  for  a  considerable  period  its  property  of 
fermenting  saccharine  fluids.  Fermentation  is  prevented  by 
boiling  either  the  yeast  or  the  saccharine  fluid,  or  by  pre- 
viously straining  the  yeast  through  a  very  fine  filter,  such  as 
porous  earthenware ;  nor  does  any  change  take  place  if, 
after  boiling  the  fluid,  it  is  allowed  to  come  into  contact 
only  with  air  which  has  been  passed  through  cotton-wool. 
Hence  it  is  concluded  that  the  fermentation  is  caused  by  a 
solid  substance  contained  in  the  yeast,  which  cannot  pass 
through  the  earthenware  or  cotton-wool ;  and  if  yeast  is 
examined  under  a  low  magnifying  power,  it  is  found  to  con- 
tain a  number  of  nearly  spherical  transparent  granules, 
averaging  about  '0003  of  an  inch  in  diameter,  each  of  which 
is  a  Torula,  Each  individual  is  an  ordinary  vegetable  cell, 
usually  containing  a  vacuole,  but  never  a  nucleus  ;  and  the 
cells  are  either  solitary  or  associated  in  heaps  or  strings.  On 
analysis  it  is  found  to  consist  of  carbon,  hydrogen,  oxygen, 
nitrogen,  sulphur,  phosphorus,  potassium,  magnesium,  and 
calcium ;  the  last  four  in  very  small  quantities.  Its  chief 
proximate  constituents  are  (i)a  protein-compound  analo- 
gous to  casein  ;  (2)  cellulose  ;  (3)  fat  or  oil ;  (4)  water  ;  the 
larger  part  of  the  mineral  substances  being  contained  ia  tlsft. 
protoplasm.     The  Torula  is  the  so\e  c^.m's.^  ^^  i^\\svet^^i^x^'^ 
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in  the  sugar,  and  is  believed  to  be  always  present  in  the  air 
in  the  form  of  invisible  dust.  If  a  small  quantity  of  yeast  is 
added  to  a  large  quantity  of  a  clear  saccharine  fluid,  and 
the  fluid  kept  warm,  it  will  gradually  become  more  and  more 
turbid,  and  a  scum  of  yeast  will  collect,  containing  a  pro- 
digious quantity  of  Torula-Q£\%.  The  ordinary  mode  of  re- 
production is  by  what  is  termed  budding  (Fig.  402,  p.  270), 
each  cell  giving  rise  to  minute  buds,  which  grow  rapidly, 
attain  the  size  of  the  parent-cell,  and  eventually  become 
detached,  but  not  generally  until  they  have  themselves  de- 
veloped a  second  generation  of  buds.  They  very  commonly 
adhere  together  in  the  form  of  heaps  or  strings.  A  second, 
but  rarer,  mode  of  multiplication  is  by  endogenous  division^ 
the  protoplasm  of  a  cell  dividing  into  usually  four  masses, 
each  of  which  surrounds  itself  by  a  cell-wall ;  and  the 
daughter-cells  are  eventually  set  free  by  the  dissolution  of 
the  wall  of  the  parent-cell.  This  is  a  form  of  free  cell- 
formation  (see  p.  33).  In  order  to  show  that  the  substances 
of  which  the  Torula  consists,  protein,  cellulose,  and  fat  (oil), 
were  not  present  in  the  nutrient  fluid,  but  have  been  manu- 
factured by  the  yeast-fungus  out  of  it,  it  is  best  to  take  a 
nutrient  fluid  of  definite  chemical  composition,  a  convenient 
one  being  that  known  as  *  Pasteur's  solution.*  *  The  power 
of  constructing  protein  out  of  such  a  substance  as  ammonium 
tartrate,  and  the  investment  of  the  protoplasm  by  a  con- 
tinuous coat  of  cellulose,  are  the  chief  properties  which 
determine  the  Torula  to  be  a  vegetable.  It  allies  itself  to 
Fungi  in  containing  neither  starch  nor  chlorophyll,  and  hav- 
ing consequently  no  power  of  decomposing  carbon  dioxide. 
In  the  process  of  fermentation  nearly  the  whole  of  the  sugar 
is  converted  into  an  equal  weight  of  alcohol  and  carbon 
dioxide ;  but  a  small  quantity  of  glycerin  and  succinic  acid 

'  Potassium  phosphate,  2  parts  ;  calcium  phosphate,  2  parts  ;  mag- 
nesium  sulphate,  2  parts ;  ammonium  tartrate,  100  parts ;  cane  sugar, 
ifSoo  parts  ;  water,  8,394  parts. 
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are  also  produced  ;  and  one  or  two  per  cent,  is  not  yet  ac- 
counted for,  but  may  perhaps  be  assimilated  by  the  Torula. 
It  will  grow  and  multiply  actively  in  a  solution  in  which 
sugar  and  ammonium  nitrate  replace  the  ammonium  tartrate; 
and  in  this  case  the  carbon  must  be  obtained  from  the  sugar. 
Although  oxygen  is  essential  to  its  life,  it  will  live  in  sac- 
charine solutions  which  contain  no  free  oxygen,  appearing, 
under  these  circumstances,  to  get  its  oxygen  also  from  the 
sugar.  It  will  also  flourish  in  solutions  in  which  the  am- 
monium tartrate-  is  replaced  by  sugar  and  pepsin,  in  which 
case  the  nitrogen  of  the  protein-compounds  must  be  derived 
from  the  pepsin. 

Penicillium  and  Mucor  may  be  regarded  as  types  of  two 
different  classes  of  the  filamentous  Fungi.  In  the  former, 
the  whole  Fungus,  both  the  concealed  part  or  mycelium, 
and  that  portion  which  is  exposed  to  the  atmosphere,  the 
aerial  hyphca,  consist  of  cells  which  agree  in  every  essential 
point  (except  the  absence  of  a  nucleus)  with  the  typical  cell, 
varying  only  in  size  and  form.  The  only  reproductive  bodies 
are  conidia,  that  is,  ordinary  cells  of  a  spherical  form  pro- 
duced at  the  ends  of  the  aerial  hyphae,  and  detached  in  suc- 
cession- They  are  true  spores  (see  p.  178).  They  have 
the  same  property  as  the  single  Torula-<,t\\^  of  retaining 
their  vitality  for  a  long  period  when  dried  ;  and,  from  their 
extreme  lightness,  are  in  this  form  disseminated  with  the 
greatest  facility  through  the  air.  On  reaching  a  nutrient 
substratum  they  germinate.  A  bulging  makes  its  appearance 
at  one  or  more  points  of  the  cell-wall,  and  the  cell  rapidly 
lengthens  in  one  or  more  directions,  and  becomes  a  radiat- 
ing and  branched,  but  still  unicellular,  hypha.  Subsequently 
the  protoplasm  divides  transversely,  septa  of  cellulose  are 
formed,  and  the  hypha  becomes  mulliceliular.  It  is  a  uni- 
versal characteristic  of  all  Fungi  that  the  hyphae  divide 
transversely  only,  never  longitudinally  ;  they  never  anasto- 
mose, though  they  may  become  interlaced  into  a  dense  ^^^<l. 
Some  branches  of  the  hyphaa  exlexvd  ^o^wrc^^^^A'^'^^^^^'^ 
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the  mycelium,  while  others  direct  themselves  upwards,  and 
constitute  the  aerial  hyphae,  which  break  up  into  conidia. 

In  Mucor  the  spores,  instead  of  being  naked  exposed 
cells,  are  produced  within  special  bodies  known  as  sporangia 
or  asci,  roundish,  heads  borne  at  the  extremity  of  filaments 
which  rise  vertically  into  the  air  from  the  hyphae.  The  wall 
of  the  sporangium  is  rough  from  minute  particles  of  calcium 
oxalate.  The  sporangium  is  easily  ruptured,  dispersing  the 
spores ;  the  greater  part  of  its  wall  then  disappears,  but  a 
small  collar  frequently  adheres  to  the  filament  The  cavity 
of  the  filament  does  not  communicate  with  that  of  the 
sporangium,  but  is  separated  from  it  by  a  partition  which 
bulges  into  the  cavity  of  the  sporangium,  forming  a  central 
pillar  or  projection,  and  termed  ^^  columella.  The  germina- 
tion of  the  spores  resembles  in  all  essential  points  that  of 
Penicillium,  the  organism  remaining  for  a  time  truly  uni- 
cellular. The  sporatigiophores^  or  filaments  which  bear  the 
sporangia,  are  given  off  vertically  ;  the  free  end  dilates  into 
a  rounded  head  which  developes  into  the  sporangium,  and  is 
separated  by  a  septum  which  constitutes  the  columella. 
The  protoplasm  in  the  sporangium  becomes  gradually  sepa- 
rated into  a  number  of  masses  by  free  cell-formation,  each  of 
which  secretes  a  cellulose  coat,  and  becomes  an  ascospore, 
Mucor  is  also  propagated  sexually  by  conjugation,  i.e,  by 
the  production  of  zygospores  in  the  manner  already  described 
(p.  271).  The  cell- wall  of  the  zygospore  becomes  separated 
into  two  layers,  an  outer  one  of  a  darker  hue,  the  exospore^ 
and  an  inner  colourless  layer,  the  endospore.  The  germina- 
tion of  the  zygospore,  which  takes  place  only  after  a  period 
of  rest,  resembles  that  of  an  ordinary  spore. — Ed.] 

The  classification  of  Fungi  is  still  in  process  of  continual  change 
and  improvement.     The  following  is  that  adopted  by  De  Bary  : — 

I.  PHYCOMYCETES. 

a.  Saprolegniece,     b.  Peronosporece.     c.  Mticorini. 

The  vegetative  part  of  the  YMtvgas  vMdv  ^c»^%  xvox.  %\j3as»'«Tje  the  pro- 
cess of  reproduction  consists,  \iv  maxv^  ioxicv^  ?\\.o^^>;}aKt,  \w  ^S^«^  "ai 
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least  during  the  early  period  of  growth,  only  of  a  single  tubular  cell. 
They  therefore  present  a  point  of  transition  to  the  Algae  through  the 
Vaucherieae.  The  Saprolegniecs  (Figs.  401,  403)  usually  grow  on  the 
bodies  of  insects  putrefying  in  water,  and  cover  them  completely  with 
radiating  tufts.  An  alternation  of  generations  takes  place  in  them 
between  individuals  which  produce  swarmspores  and  oospheres.  The 
Peronosporea  live  within  the  tissue  of  Phanerogams,  the  branches  of  the 
mycelium  penetrating  between  the  cells,  and  drawing  their  nutriment 
from  them  by  means  of  special  organs,  the  haustoria.  The  mycelium 
produces  first  receptacles  from  which  conidia  are  abstricted,  and  these 
always  project  above  the  surface  of  the  host, — in  Peronospora  through 
the  stomata.  These  conidia  are  not  usually  immediately  capable  of  germi- 
nation, but  only  in  contact  with  water,  as  drops  of  dew  and  rain,  develope 
a  few  swarmspores  (Fig.  400),  which  attach  themselves  to  the  surface  of 
a  plant,  and  put  out  germinating  filaments  which  penetrate  into  it ; 
and  the  cycle  of  development  then  begins  afresh.  Under  favourable 
circumstances  oogonia  and  antheridia  are  produced  at  the  extremities 
of  the  mycelial  threads,  but  only  in  the  interior  of  the  plant.  The 
oospores  either  form  swarmspores  or  germinate  directly.  Peronospora 
infestans  is  the  cause  of  the  potato-disease.  The  Mucorini  are  pro- 
pagated by  conidia  and  spores  formed  in  sporangia  (ascospores)  as  well 
as  by  zygospores.  Their  root-like  branches  afterwards  become  multi- 
cellular by  the  formation  of  septa.  The  common  green  and  brown 
moulds,  Mucor  Mucedo  and  Penicillium  glaiicum  or  crustaceum  belong 
to  this  family  (Figs.  I,  p.  7,  and  396,  p.  267).  Luxuriant  conidio- 
phores  of  these  Fungi  sometimes  unite  into  a  leaf-like  arborescence, 
ki^pwh  as  Coretniuni.  The  term  *  mould '  is  not  one  of  scientific 
exactness  ;  in  popular  language  the  name  is  applied  to  flocculent  and 
filamentous  structures  which  form  on  decomposing  organic  bodies. 


II.   HYPODERMIiE. 

a.    UredinecB,     b.   Ustilaginece. 

These  Fungi  live  in  cellular  tissue,  usually  beneath  the  epidermis 
of  flowering  plants.  They  all  form  resting-spores,  from  which,  under 
favourable  circumstances,  cecidia  and  spernwgonia  are  developed  in 
the  Uredinea^  but  not  in  the  Ustilaginea.  To  this  class  belong  Ustilago 
carbo,  the  *  smut  *  of  cereal  crops,  and  Ptucinia  graminis  or  *  mildew  * 
(Figs.  406,  407,  pp.  272-3). 
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III.  BASIDIOMYCETES. 
a.   Trenidlini.     b.  Hyitunomycetes,     c.    Gasteromycetes. 

There  is  still  much  to  learn  with  regard  to  the  cycle  of  development 
of  the  Basidiomycetes  ;  and  no  alternation  of  generations  has  yet  been 
established  in  them.  The  Tremellini  are  distinguished  by  their  jelly- 
like substance,  and  the  two  other  families  by  their  receptacles.  In  the 
Hymenomycetes  are  included  the  conmionest  and  best  known  of  all  Fungi, 
the  mushrooms.  The  body  which  is  ordinarily  called  the  mushroom  is, 
as  has  already  been  mentioned,  only  the  receptacle,  which  springs  from 
a  mycelium  growing  in  the  ground,  the  wood,  or  elsewhere.  A  number 
of  these  Fungi,  as  Agaricus  campestris  the  common  mushroom,  A.  ccs^ 
sareuSy  A.  procerus  the  *  parasol-mushroom,'  A,  prunulus  i\iQ  *  plum- 
mushroom,'  A.  deliciosus.  Boletus  edulisj  Cantharellus  cibarius  the 
*  edible  chantarelle,'  &c.,  are  edible  ;  while  others,  as  Agaricus  mus- 
carius  the  *  fly  amanita,'  A.  efneticus,  &c.,  are  poisonous.  Merulius 
lacrymans  is  the  dry-rot  so  destructive  to  timber.  Among  officinal 
species  are  Boletus  laricis  and  Polyporus  fomentarius.  Among  the 
more  common  Gasteromycetes  are  Lycoperdon  bovista  the  *  puff-ball,* 
2iii6.  Phallus  impudicus  i\iQ  *  stink-horn'  (Figs.  392,  393,  pp.  264-5). 

IV.  ASCOMYCETES. 

a.  Protomycetes.     b.   Tuberacece.     c.   Onygenei.     d.  Pyrenomycetes. 

e.  Discomycetes. 

The  spores  of  the  Ascomycetes  are  formed  in  asci  by  free  cell -for- 
mation.    In  the  Protomycetes  the  filaments  which  bear  the  asci  {asco- 
phores)  are  not  united  into  a  receptacle,  as  in  the  other  families,  and 
there  is  no  alternation  of  generations  in  their  cycle  of  development. 
This  latter  is  also  wanting  in  the  Tuberaceae  (truffles)  and  the  Ony- 
genei ;    but   occurs   in  the  Pyrenomycetes  and  Discomycetes.      The 
Tuberacece  form  roundish  tuberous  usually  subterraneous  bodies,  wliich 
are  often  surrounded  by  a  copious  branched  mycelium.     Scarcely  any- 
thing is  known  with  regard  to  their  mode  of  reproduction  ;  ascospores 
are  at  present  the  only  kind  of  spores  which  have  been  observed  in 
them  ;  and  these  are  often  set  free  by  the  rupture  of  the  peridium. 
Their  mycelium  disappears  when  the  fructification  ripens,  and  the  re- 
ceptacle  then  lies  naked  in  the  soil  (Fig,  394,  p.  266) ;  while  in  the  Ony- 
^e^ieiit  is  imbedded  in  a  f\occM\eiv\.  m^teYmm,    IV^^^skx^^  xiss:  Pyre- 
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nomycda  are  fonned  in  the 
receptacles,  which  ire  here  tenned  fcril/u 
generations  has  already  been  described. 
To  this  class  belongs  ClavUtps  pur- 
purea, the  'aclerotium'  of  which  is 
officinal  under  the  names  ergot  and 
'Secale  comutum' (Fig-  375.  P'  228). 
The  Discomycitis  are  dislinguished 
from  the  Pyrenomyceles  mainly  by  the 
hymenium  being  superficial.  In  the 
ClavarieiB,  which  are  branched  in  a 
fniticose  manner,  it  covers  the  surface 
of  the  branches ;  in  the  HelvelleiE  iikI 
Morchellea:,  on  the  contrary,  the  outer 
surface  of  the  folded  pileus;  while  in 
Paiza  it  clothes  the  inner  surface  of 
Ihe  cup,  which  is  sometimes  stalked 
and  sometimes  sessile.  The  morel, 
Morcktlla  csculenia  (Fig.  408],  is  a 
well-known  edible  Fungus.' 

There  are  a  number  of  Fungi,  as, 
for  instance,  some  moulds,  which  it  is 
not  at  present  possible  to  classily  under 
this  system.  They  are  probably  only 
forms  of  other  Fungi,  the  relationship 
of  which  to  other  forms  has  yet  to  be 
certainly  determined. 


THE  I 

The  Myxomycetes  are  distinguished  '''"  '^^L'^(„^^i  Slt^'""" 
from  all  other  plants  by  the   fact   of 

their  celts  being  without  a  cell-wall  during  their  vegetative  period, 
and  not  combined  into  a  tissue.     Il   is  only  when  their  protoplasm 

'  [De  Bary  has  published  a  series  of  elaborate  investigations  of  the 
Ascomycetes,  leading  to  the  conclusion,  that,  in  at  least  one  group,  the 
Fyrenomycetes,  the  ascospores  are  the  result  of  a  true  process  of  impreg- 
nation, vi>.  the  contact  of  the  apex  of  a  male  organ,  which  he  termed 
ihe  polli'iBdium,  with  a  female  organ,  the  carpoggniiim  or  ascogonium. 
The  most  recent  researches,  however,  of  Comu  and  Van  Tieghem 
throw  the  greatest  doubt  on  the  accuracy  of  De  Gary's  conclusions, 
and,  Indeed,  on  our  knowledge  ot  any  form  of  sev,uiil  xe^<i^<^;i£i^''s> 
tliebifilier  Fungi.— Ed.] 
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comes  to  rest  from  unfavourable  external  conditions,  or  their  growth 
has  ceased  on  the  formation  of  fruit,  that  the  protoplasm  breaks  up 
into  small   cells  provided  with  a  cell-wall,   but  not   forming   a    true 
tissue.      They  live  on  decaying  and  putrefying  vegetable  substances. 
In  its  membraneless  condition  the  protoplasm  displays  an  extraordinary 
motility ;  and  then,  independently  of  the  currents  in  its  interior,  the 
whole  mass  creeps  over  or  in  its  substratum  like  an  animal.    But  when  it 
passes  over  into  the  fructifying  state,  it  breaks  up  into  large  receptacles 
or  sporangia*  filled  with  small  spores,  usually  accompanied  by  a  reticu- 
lation of  thin-walled  tubes  opening  into  one  another,  a  hair-like  weft 
termed  a  capilUtium.     The  germinating  spore,  now  provided  with  a 
cell-wall,  allows  the  whole  of  its  protoplasmic  contents  to  escape  in  the 
form  of  a  naked  mass  which  assumes  an  elongated  pointed  shape   and 
acquires  a  cilium  at  one  end,  and  thus  becomes  transformed  into  a 
swarmspore,  which  either  takes  on  a  rotating  motion,  or,  changing  its 
form,  creeps  about  in  an  animal-like  fashion  like  an  Amoeba.     These 
swarming  bodies  multiply  by  division  during  two  or  three  days  ;  and 
then  a  new  process  begins,  two  or  more  coalescing  into  a  homogeneous 
mass  of  protoplasm  or  Plasmodium,  which  also   moves  about  in  an 
amoeboid  manner.     The  plasmodium  often  creeps  about  for  the  space 
of  a  foot,  the  motion  being  caused  by  the  projection  at  its  margin  of 
arm-like  protuberances,  which  increase  in  size  by  fresh  masses  of  pro- 
toplasm flowing  into  them.     When  this  takes  place  for  some  time  in 
one  direction,  the  whole  plasmodium  has  in  this  way  shifted  its  place. 
These  processes  usually  occupy  a  few  hours  ;  in  the  so-called  *  flowers 
of  tan,*  ySthalium  septicum^  one  or  two  hours  is  sufficient  for  the  still 
motile  Plasmodium  to  become  changed  into  the  fertile  discs.     When 
the  vital  conditions  are  im  favourable,  the  swarming  bodies  and  the 
young  Plasmodia  become  surrounded  by  a  membrane,  or  encysted,  like 
the  infusorial  animalcules,  and,  if  kept  dry,  remain  in  this  condition  for 
months  without  losing  their  power  of  life  ;  when  placed  in  water  they 
recur  to  the  motile  condition.     Mature  plasmodia  pass  into  the  resting 
state  when  the  amount  of  moisture  or  the  temperature  is  low,  forming 
a  sieve-like  plate  or  irregular  tuberous  body  [sclerotium),  and  finally 
break  up  into  a  large  number  of  round  or  polyhedral  cells  of  a  diameter 
of  0*025  ^o  o  •033mm.,  and  of  a  waxy  or  brittle  texture.     When  placed 
in  water  the  cell-walls  which  had  been  formed  are  again  absorbed,  and 
the  Plasmodia  re-assume  their  motile  condition. 
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Class  III.    Lichenes. 

Lichens  (Figs.  409-417)  usually  consist,  when  mature,  of 
well-developed    layer  of  tissue,   the  thalhis,   composed, 


lon^tudinal  k „ , _ 

gpnidial  livEi-  g  and  Ihe  meduila  am  elearty  distinguishable  (x  <isl ;  III,  a, 
single  gonidmni  (x  ^™) :  IV,  development  of  ^!t*  »(R^aa«  a  vs«0^;^  ^tw»*  **- 
rijrfii  cells  \  dpi  sinular  group  in  4  more  advanced  Kara  TA4jtvwi^wvtTA.%  c\w»^ 
ludirra!  ssclfon  of  a  malun  sotedium  -.  A  tt»  same  ■joAi'One  %«(>*;'».  mJK^Si-^^^^CT^ 
leporated ;  i  a  fiBmunatiQB  wtediuia ;  /the  ums  tinftim  iwtVJVi^V'  V»-T^»>> 
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like  that  of  Fungi,  of  rows  of  cells  which  form  a  fibrous 
weft  or  pseudo-parenchyma.  In  addition  to  this  there  are 
also  round  or  oval  cells  of  a  green  or  blue-green  colour, 
the  gottidia  or  gemmte.  Three  types  of  structure  of  the 
thallus  may  generally  be  distinguished :  the  Stratified,  the 
Pictorial,  and  the  Gelatinous,  furnishing  the  characteristics 
of  these  three  descriptions  of  Lichens  ;  but  there  are  some 
anomalous  fonns  which  cannot  be  included  under  either  of 
these  types. 

Sections  through  the  thallus  of  the  stratified  or  Hdero- 
merous  Lichens  (Fig.  409  11.)  almost  always  show  two  distinct 
layers  of  tissue,  a  comparatively  thin,  usually  transparent 
but  close  outer  layer  or  cortex,  and  an  inner  looser  hyphal 
layer  enclosed  by  the  former,  the  medulla.  The  two  layers 
are,  however,  formed  of  ramifications  of  the  same  filaments. 
At  the  line  where  they  meet  the  gonidia  almost  always  con- 
stitute a  zone  of  variable  thickness,  the  gonidial  layer  (Fig. 
409  II.  ^).  In  the  Fruticose  Lichens,  the  cortex  commonly 
constitutes  a  layer  of  uniform  thickness  all  round;  while  in 
the  Foliaceous  forms  it  is  usually  differen  t  on  the  upper  surface 
exposed  to  the  light,  and  on  the  under  surface.  The  thallus 
of  the  Crustaceous  Lichens  presents  an  affioity  to  the 
latter  form  in  being  fixed  to  the  substratum  by  capillary  or 
bristle-like  rhizinesy  so  that  it  cannot  be  removed  without 
injury. 

The  Pictorial  Lichens  or  Graphideje  form  thin  patch- 


.ichen  (natural  uie). 
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like  incrustations  on  stones  and  the  bark  of  trees  (Fig.  410). 
The  chief  pecuharity  of  their  thallus  consists  in  the  nature 
of  their  gonidia,  which  are  often  united  into  many-celled 
alga-Uke  rows  of  cells  (Fig.  411),  increasing  in  length  by 
division  of  the  terminal  cell. 

The  thallus  of  the  Gelatinous  Lichens  (Fig,  41)  has  a 
leaf-like  or  an  arborescent  fonn,  or  consists  of  granules 
which  constitute  an  incrustation.  When  dry  it  is  cartila- 
ginous or  brittle,  and  then  absorbs  water  eagerly,  swelling 
up  into  a  gelatinous  body.   Sections  (Fig.  4ra  1.)  show  that 


FKk  «■:.— I.  Loiigiludinal  scciion  Ihrough  ihe  ihallm  o<  a  Gelalboiu  Licben,  Mai. 
lolium  HiUit^raHdii  (x  loo) ;  II.  piE«  of  a  very  Ihin  uction  Ihnniih  the 
under  &ide  with  monilifcntii  chaiiia  ^  gonidia  (after  Cte  Bary,  x  3^). 

it  consists  of  gonidia  and  narrow  filaments  of  cells  imbedded 
in  an  apparently  homogeneous  jelly.  The  contents  of  the 
ceils  are  always  colourless  and  invisible,  and  apparently 
contain  no  organised  constituents  such  as  grains  of  starcli. 
The  cell-walls  of  many  Lichens  (as,  e.g.,  the  so-called  'Ice- 
land moss,'  Cetraria  islandica),  swell  up,  when  boiled  in 
water,  into  a  homogeneous  jelly,  forming  the  so-called 
'  moss-  or  lichen-starch,'  or  I.ichenin. 

Among  the  organs  of  reproduction  of  Lichens  are  the 
soredia  {Fig.  409  iv.),  which  aTe  deve\a^ei  va.  "CMt  ^■^•Ss:^ 
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layet ;  groups  of  gonidia  becoming  enclosed  in  peculiar 
fibrous  envelopes,  and,  when  so  completely  inwoven,  grow- 
ing rapidly,  and  thus  exercising  a  pressure  on  the  cortex 
which  ruptures  it.  The  soredia  which  protrude  through  the 
crevices  caused  in  this  way  increase  in  the  same  manner  or 
develope  into  new  individuals.  In  addition,  Lichens  are 
also  provided  with  spermogonia  and  spermatia,  correspond- 
ing in  all  respects  to  those  of  the  Ascomycetes.  Finally, 
they  also  possess  peculiar  receptacles  or  apotheda  (Fig.  409 
1.,  p.  285).  These  are  either  open  from  the  first,  and  then 
expand  and  bear  the  hymenial  layer  on  their  suriace  (Fig. 
413);  or  they  open  only  at  the  apex  by  a  narrow  canal ;  or 


4i3.-V«tifal  Mciioi.  ihro 

ugh 

the  mi. 

juyiitf  a  ;  ihe  club-shaped 

are  d< 

hehyi, 

iphetical  gonidia  (x  loo). 

they  remain  dosed,  and  enclose  a  fertile  nucleus.  Hyme- 
nial layers  of  the  first  kind  correspond  to  the  receptacles  of 
the  Discomycetes,  and  the  Lichens  to  which  they  belong 
are  called  gymnocarpous ;  those  of  the  two  last  kinds  re- 
semble the  perithecia  of  the  Pyrenoraycetes,  and  the 
Lichens  are  called  a'igiocarpous.  The  development  of  the 
apothecia  always  begins  in  the  interior  of  the  thallus. 
When  mature  they  consist  of  the  external  tissue  or 
excipulum  ;  of  a  layer  in  which  larger  and  stouter  hyphal 
filaments  are  developed  than  those  found  in  the  remainder 
of  the  tissue,  the  ascophorous  hyphm  or  subhymenial  layer ; 
and.  of  the  true  hymmial  layer,  composed  of  parallel  hyphse 
or^araphyses  and  of  the  asd.    1\\esR  Xittec  \i?.iia.UY  contain 
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eight  spores  formed  simultaneously.  When  the  same  thallus 
bears  both  apothecia  and  spermogonia,  the  Lichen  is  said 
to  be  moncecious ;  when  these  organs  are  found  on  difTerent 
individuals,  it  is  dioecious.  No  true  process  of  impregna- 
tion has  yet  been  observed. 

Lichens  possess  a  peculiar  double  nature.  Their 
gonidia  contain  chlorophyll,  and  are  algoid  bodies ;  and 
their  presence  is  the  only  certain  distinction  between 
Lichens  and  Fungi;  the  Ascomycetes  among  the  latter  hav- 
ing an  especially  close  relationship  to  the  Lichens  through 
theit  apothecia.  In  only  a  few  cases  have  the  gonidia  been 
detached  from  the  thallus  and  made  to  develope  inde- 
pendently, by  the  formation  chiefly  of  swarmspores.  From 
this  feet  the  theory  has  originated  that  Lichens  are  ascomy- 
cetous  Fungi  which  are  parasitic  on  particular  Algae,  the 


Fia  414-— (T/a-JflmVi  ditilala,  a  _      _    _      _ 

FrulicoK  Lichen ;  a  Bpothecia ;  Lichen ;    Ihe   margin   of    Ihe  thaliu- 

jcu^^  cfDiuceoiulhaUusCiulu-  fringed,    and  bcais  spcnnogania  on  tne 

ral  sue).  edge  a!  the  Tcinge  ;  there  are  no  spothecia. 

gonidia.    This  theory  has  been  confirmed  by  the  ^jtoAvis^- 
tion  of  a  perfect  Udien,  Colietna  gla«c(sceiis,\ri  ^iKwosst'Cs. 
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spores  on  the  gonidia-forming  Alga,  Nostoc  lichenoides.  An 
opposite  view  is  entertained  by  others,  that  Lichens  are  a 
distinct  class  of  plants  by  themselves,  the  gonidia  of  which 
sometimes  become  detached  from  the  parent-plant,  and 
ihen  carry  on  an  algoid  existence,  in  which  state  they  have 
often  been  erroneously  described  as  Algie. 
Lichens  are  classified  as  under,  viz.  ; — 

I.  Lichens  with  a  stralified  thallus  : — 

1,  Fruticose  Lichens;   thallus  u 
fonn  (Figs.  409,  p.  285  ;  414,  415I. 

2,  FoLlACEOUS  IJchens  ;  thallus  leaf-like  (Figs.  416,  417). 

3,  Crustaceous  Ijchens  ;  thailos  crustaceous, 

II.  Lichens  with  unstratiiied  thallus  :— Hom6omerous  Lichens. 

1.  Gelatinous  Uchens ;  thallus  gelatinous  (Fig.  412,  p.  287). 

2.  Pictorial  Lichens ;  thallus  forming  a  very  thin  irregulai 
incrustatioti  (Fig.  410,  p.  286). 

The  gelatinous  lichenin,  characteristic  of  many  Lichens,  renders 
them  useful  as  ailicles  of  food  to  northern  nations  and  their  domestic 
animals,  or  as  medicinal  products. 
Of  this  character  are  the  so-called 
'  Iceland  moss,'  Cetraria  islandka, 
(Fig.  415),  the  'rein-deer  moss' 
Cladania  rangifcrina,  and  StUla 
pulnwitacea.  Parmdia  parietina  is 
also  used  as  a  febrifuge,  from  its 
containing  a  bitter  principle  which 
is  present  also  in  other  kinds. 
Several  other  Lichens,  as  Soccdla 
tiiKtoria,  Lecanora  lartarea,  VariO' 
laria  dcalbata,  Gyropkera  puslalala, 
and  Laanora  alra,  are  also  important  articles  of  commerce,  in  conse- 
quence of  a  pigment  which  is  blue  or  red  according  to  the  mode  in  which 
it  has  been  prep;ired,  and  which  is  known  as  orchil,  litmus,  and 
cudbear.  J'an/idia  ercu/en/a  of  Asia  Minor,  the  Sahara,  Persia,  &c.,  is 
believed  to  be  the  '  manna '  of  Scripture. 

Lichens  are  most  abundant  in  the  colder  regions  of  the  globe,  and 
occur  on  the  utmost  limits  of  vegetation.  From  this  circumstance,  and 
from  the  ease  with  which  they  grow  where  the  means  of  living  are  eit- 
(remelyscanty— some  oEtliem  Bovii«p\ivn^ on  bare  hard  rocks,  and  others 
even  thriving  on  glass  and  won— &e"J  a.K  <il  tQxa\4e.-oi" 
Ibe  economy  of  Nature. 


»  Lichen. 
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Class  IV.     Characea. 

As  Lichens  mark  the  passage  from  Fut^i  to  Alg%,  so 
do  the  Characese  that  from  Alga:  to  Muscineas;  for  al- 
though very  similar  in  habit  to  many  Algse,  and  therefore  at 


.—Sllcia  ptilrHmiani.  a  Follaceous  Lich™,  wiih  apoiheca. 


one  time  included  in  that  class,  they  are  nevertheless  really 
more  nearly  allied  to  Mosses,  not  only  in  their  mode  of 
germination,  but  because  they  are  Acrogens  in  contradistinc- 
tion to  Thallogens.  They  grow  in  fresh  water,  and  consist 
of  cellular  filaments,  which  aie  \ita.itfi\«.4  'h:*.  a-  N^^-sSSsawa 
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manner  at  regular  intervals  {Fig.  418  i.).    There  are  only 
two  genera,  Chara  and  Miella.  known  as  '  Brittle-worts,' 


including  a  considerable  number  of  species  distributed  over 
the  whole  globe.     In  Nitelia  eaLch  iiAercv^iifi. ':a^iwsa -rf  only 
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a  single  cell,  while  in  the  stem  of  Chara  there  is  a  central 
or  axial  cell,  surrounded  in  a  spiral  manner  by  other  cells, 
which  form  a  cortex.  Multiplication  takes  place  partly  by 
single  cells  becoming  detached,  partly  by  impregnation.  In 
some  species,  as  Chara  hispida  (P'ig.  419)  an  antheridium  or 


I. 


II. 


Fig.  419.—  Fertile  branch        FlG.  420. — Niiella  syncarpa :  I.  end  of  a  cellular  fila- 
of  Chara  hispida  (mag-  mcnt  from  a  globule,  with  antherozoids  in  the  interior 

nified).  of  the  cells;  II.  afree  antherozoid  (x  500). 

globule  and  a  female  organ  called  the  nucule  stand  beneath 
a  lateral  branch  ;  in  other  species  the  two  organs,  which 
may  be  recognised  in  an  immature  condition  as  small  red 
knobs  on  the  plant,  are  found  on  different  individuals. 
T\it  globule  (Fig.  418  in.,  a)  is  a  sessile  globular  body,  and 
consists  of  eight  cortical  cells  which  open  when  ripe.  In 
the  interior  are  a  number  of  cellular  filaments  (Fig.  420  i.), 
coiled  round  one  another,  from  each  separate  cell  of  which 
is  developed  an  antherozoid  or  spermatozoid  (Fig.  420  11.). 
The  nucule  (Fig.  418  in.,  b)  consists  of  an  axial  row  of  cells 
which  is  closely  surrounded  by  five  tubes  coiled  spirally 
round  it.  The  oospore  is  developed,  ^^  >(}c\fc  x^^scJs^  <^\ssn.- 
pre^a  tioii,  from  the  laxge  apkad  ceW  ol  ^-^  \sxsvet  ^c»^^^^> 
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the  oosphere.  In  the  autumn,  when  the  annual  plant  dies 
down,  the  oospore  falls  to  the  bottom  of  the  water,  the 
young  plant  developing  from  it  in  the  spring.  The  first 
algoid  cells  of  the  young  plant  are  considered  a  prothal- 
lium,  on  which  the  plant  itself  grows  as  a  lateral  branch 
(Fig.  418  II.).  The  process  of  impregnation  itself  takes 
place  in  this  manner.  At  the  moment  ot  maturity  the  neck 
of  the  five  peripheral  tubes  of  the  nucule  becomes  loosened, 
and  between  the  five  clefts  thus  formed  antherozoids  pene- 
trate into  the  oosphere.  The  Characeae  have  no  economi- 
cal or  medicinal  value,  but  are  of  importance  in  respect  to 
our  knowledge  of  the  life  of  plants. 

[Several  species  of  Chara  are  common  in  fi*eshwater 
ditches,  ponds,  and  streams,  forming  tangled  masses,  easily 
distinguished  from  Algse  by  the  verticillate  arrangement  of 
the  branches,  and  by  the  gritty  nature  of  the  whole  plant 
caused  by  the  deposition  of  calcareous  matter ;  when  de- 
caying the  plant  emits  an  offensive  smell,  resembling  that  of 
sulphuretted  hydrogen.  Nitella  is  not  so  abundant,  and  is 
destitute  of  the  calcareous  incrustation.  The  plant  is,  in  each 
case,  fixed  in  the  soil  by  slender  root-filaments  or  rhizoids. 

The  central  or  axial  cell  of  each  internode  in  Chara  is 
very  large  compared  with  the  size  of  the  cells  which  sur- 
round it,  and  which  form  the  coi'tical  layer.  Each  node 
consists  of  a  transverse  plate  of  small  cells  resembling  those 
of  the  cortical  layer,  and  separating  the  intemodal  cells 
from  one  another.  The  branches  and  secondary  branches 
(sometimes  called  leaves)  resemble  the  stem  in  structure,  the 
latter  always  ending  in  a  much-elongated  pointed  cell.  The 
apex  of  the  stem  forms  a  compact  terminal  bud,  beneath 
which  the  intemodes  become  gradually  longer  as  you 
approach  the  base  of  the  stem.  Growth,  i.e,  the  formation 
of  new  nodes  and  intemodes,  takes  place  immediately 
beneath  this  terminal  bud,  new  rhizoids  being  first  formed, . 
SLiid  then  branches  bearing  m  Ib^ir  axils  the  reproductive 
organs,  which  are  easWy  made  o>3l\.  a^  wft>3Xfc  Q't»x\'^^-x^^ 


special  Morphology  and  Classification.       295 

bodies.  A  vegetative  mode  of  reproduction  sometimes 
takes  place  by  means  of  bulbils,  which  become  detached. 
The  growing  point,  which  occupies  the  centre  of  the  ter- 
minal bud,  consists  of  two  cells  lying  one  above  another; 
while  beneath  the  lower  of  these  is  another  cell  which 
divides  longitudinally,  and  developes  into  the  cellular  trans- 
verse partition  or  node.  Below  this  again  is  a  single  elon- 
gated internodal  cell,  and  beneath  this  again  a  rudimentary 
node,  and  so  on.  The  internodal  cells  increase  in  size,  but 
never  divide.  The  leaves  or  lateral  branches,  on  the  other 
hand,  are  developed  from  outgrowths  of  some  of  the  peri- 
pheral cells  of  the  node.  The  cortical  layer  which  surrounds 
each  intemode  is  developed,  not  from  the  internodal  cell, 
but  by  continual  growth  and  division  of  the  peripheral 
nodal  cells,  which  from  the  first  overlap  the  intemode,  apd 
gradually  assume  a  spiral  arrangement.  The  cells  of  Chara 
always  contain  a  nucleus,  and  afford  a  remarkably  good 
illustration  of  the  phenomena  of  rotation  (see  p.  10).  This 
movement  is  exhibited  especially  in  the  inner  layer  of 
protoplasm  next  the  central  vacuole,  the  nucleus  being 
carried  round  in  the  stream  ;  while  the  outermost  layer 
which  includes  the  chlorophyll-grains  is  quite  motionless. 

The  eight  cortical  cells  of  which  the  wall  of  the 
antheridium  or  globule  consists,  are  sometimes  called 
shields ;  the  four  nearer  the  base  are  four-sided,  the  four 
nearer  the  apex  three-sided.  From  the  middle  of  the  inner 
face  of  each  shield,  a  cylindrical  cell,  termed  a  manubrium, 
projects  inwards,  nearly  to  the  centre  of  the  hollow  globule; 
and  at  the  extremity  of  each  manubrium  is  a  roundish 
hyaHne  cell,  the  head  ox  capitulum.  The  shields,  manubria, 
and  capitula  form  therefore  together  twenty-four  cells, 
which,  together  with  the  pedicel-cell  of  the  globule,  consti- 
tute its  framework.  Each  capitulum  bears  six  smaller  cells, 
secondary  heads  or  capitula\  and  from  each  of  these  grow 
four  long  whip-shaped  filaments,  the  number  of  which  there- 
fore  is  about   200.     Each   o^  \.\\ei^e  100  't^ax^^-^xs.  $^x^^^ 
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transversely  into  from  100  to  200  cells,  and  in  each  of  these 
cells  an  antherozoid  is  produced  (Fig.  420,  i.  11.)  by  a  pecu- 
liar transformation  of  its  protoplasmic  contents,  provided 
with  two  cilia,  by  means  of  which  it  moves  rapidly  about 
when  it  escapes  by  the  separation  of  the  shields  and  rupture 
of  the  parent-cell  The  number  of  antherozoids  produced 
by  a  single  globule  may  therefore  be  from  20,000  to  40,000. 
The  Characeae  do  not  exhibit  any  true  alternation  of 
generations ;  the  fertilised  oosphere  germinating  directly 
in  the  soil,  without  the  intervention  of  a  non-sexual  genera- 
tion. The  young  plant  is  developed  from  the  growth  of  a 
single  cell  of  the  prothallium,  situated  at  some  distance  below 
its  free  extremity ;  this  cell  gives  rise  to  a  set  of  leaves, 
among  which  a  bud  appears  which  grows  into  a  new  Chara, 
—Ed.] 

Class  V.    Hepaticce. 

The  Hepaticae  or  Liverworts  are  elegant  delicate  plants, 
usually  of  a  bright  green  colour,  which   form  a  beautiful 

transition  from  the  Thallogens  to  the  Ac- 
rogens.  Many  of  them,  as  Anthoceros  (Fig. 
421),  are  true  Thallogens  having  no  leaves, 
and  are  included  in  the  class  only  on  account 
of  their  mode  of  reproduction.  Some  bear  a 
great  external  resemblance  to  certain  Lichens  ; 
and  in  others  the  true  leaves  are  only  repre- 
sented by  scales.  These  forms,  the  Thalloid 
or  Frondose  Hepaticce  (Fig.  422),  are  con- 
trasted with  the  Foliose  forms ;  but  even  in 
these  latter  the  leaves  never  have  even  a 
mid-rib,  even  when  the  stem  contains  vas- 
cular bundles  of  low  organisation  in  the  form 
of  cambium. strings.  Usually,  especially  in 
Jungermannia  (Fig.  423),  the  leaves  stand  in 
rtli  two  rows,  running  in  right-  or  left-handed 
uTst  sporogonium.  gp^^^^^g^    ^^  «s0me  ^<e^^x^  \^*\\!cv  'sXft.\x\s  Creeping 

on  the  earth  or  on  the  baiV  qI  tc^^^^\i^'^\^^'5»  •^^'s^Nssx'^^'^ 


Fig.  421. —  Antho- 
ceros  /avis 
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leaves,  which  are  all  on  the  upper  side,  there  is  a  third  row 
of  smaller  leaves  (Figs.  424  11.,  425),  the  amp/iigasiria, 
adpressed  to  the  under  side  of  the  stem.     The  Hepaticae 


never  have  true  roots ;  rkizoids  replace  them  both  in  position. 
and  in  function. 
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The  internal  structure  of  the  stem  is  extremely  simple. 
In  the  Foliose  Hepaticse  it  consists  of  an  elongated  paren- 
chyma more  strongly  thickened  externally,  and  thus  fonning 


ide  of     Leaf  w 

aalrU      of    Frullmua  tii- 


a  cortical  layer  passing  over  gradually  into  the  central  tissue. 
The    Thalloid   HepaUcse,  on  the   contrary,  have  a  well- 
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marked  epidermis,  in  which  are  a  few  scattered  stomata, 
and  which  puts  out  rhizoids  from  its  under  side.  In  the 
most  highly  developed  order,  the  Marchantiese,  we  find  the 
first  rudiments  of  vascular  bundles,  in  the  form  of  elongated 
cells  containing  little  or  no  chlorophyll  but  often  crystals. 
The  leaves  consist  of  a  single  layer  of  uniform  tabular 
cells. 

There  are  two  modes  of  reproduction  :  by  fertilised 
oospores,  and  by  asexual  buds  or  gemmae.  The  latter  are 
groups  of  cells  which  become  detached  from  the  plant,  and, 
under  favourable  circumstances,  develope  into  new  indivi- 
duals. In  the  Thalloid  Hepaticae  they  are  usually  found 
at  the  bottom  of  saucer-  or  spoon-shaped  organs,  the 
cupules  (Fig.  349,  p.  179) ;  in  other  families  they  arise  on 
the  margin  of  the  leaves  or  at  the  apex  of  the  stem. 

The  sexual  organs  arise  on  the  stem  of  the  mature 
plant ;  some  species  being  monoecious,  and  others  dioecious. 
The  male  organ,  or  antheridium,  is  a  stalked,  usually  spheri- 
cal body,  consisting  of  a  cellular  envelope  or  coat,  and  an 
internal  portion  formed  of  delicate  cells.  These  last  escape 
when  the  organ  is  mature,  a  spermatozoid  or  antherozoid 
having  previously  been  developed  in  each  cell,  consisting  of 
a  spirally  coiled  thread  furnished  at  the  end  with  two  long 
vibratile  hairs  or  cilia.  The  female  organ,  or  archegonium 
(Fig.  422  IV.)  is  a  flask-shaped  organ,  enclosing  near  its  base 
a  large  central  cell,  A  canal  leading  to  the  central  cell  is 
formed  in  the  neck  of  the  archegonium  by  the  disappearance 
of  the  septa  of  the  axial  bundle  of  cells,  the  canal-cells ;  the 
canal  appears  to  be  at  first  closed  outwardly,  but  opens  at 
the  period  of  maturity  by  the  separation  of  the  apical  cells, 
and  thus  gives  access  to  the  antherozoids.  Before  the 
antherozoids  reach  the  central  cell,  the  oosphere  has  been 
formed  in  the  latter  by  free  cell-formation,  and  gradually  in- 
creases to  such  a  size  as  completely  to  fill  up  the .  central 
cell,  the  sporogonium  being  develo\)^dftcvvsi  \\.'ai\s:t\sssj^^^%' 
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nation.    The  rudiment  of  this  organ  is  first  of  all  surrounded 
by  a  cell-wall,  and  then  gradually  developes — under  the 
shelter  of  the  archegonium,  which  grows  with  it  and  which 
is  from  this  time  called  the  calyptra — and  developes  into 
the  stalked  sporogonium.     The  sporogonium  does  not  any- 
where unite  in  its  growth  with  the  vegetative  structure,  even 
when  its  pedicel  penetrates  into  its  tissue.     When  matiure, 
the  sporogonium,  elevated  by  the  sudden  and  rapid  increase 
in  length  of  the  pedicel  or  seta^  ruptiures  the  calyptra,  opens, 
and  allows  the  escape  of  a  great  number  of  spores.     As 
a  rule,  several  archegonia  are  grouped  together;  but  it  is 
very  rare  that  more  than  one  matures,  the  rest  being  abor- 
tive.    In  some  genera  the  archegonium  is  surrounded  in 
addition  by  a  so-called  'calyx'  [ox perichcBtium\  consisting 
of  several  connate  leaves.     In  the  sporogonia  of  the  Hepa- 
ticse  there  usually  occur,  in  addition  to  the  spores,  also 
peculiar  elongated    cells  termed  elaiers^  furnished  with  a 
brown  spiral  band,  which  is  sometimes  simple,  as  in  Frul- 
laniay  sometimes  double  (Fig.   422   iii.).     Rarely,   as  in 
Anthoceros,  a.  row  of  cells  or  columella  remains  in  addition 
in  the  axis  of  the  sporogonium  (Fig.  421).     The  sporo- 
gonium  usually  opens  with  four,  in  Anthoceros  with  two 
valves ;  in  the  Riccieae  it  bursts  irregularly.     On  germina- 
tion the  spore  first  puts  out  an  irregular,  often  filiform,  struc- 
ture, the  prothallium^  on  which  the  bud  is  produced  from 
which  the  young  plant  arises.     The  course  of  development 
of   the   Hepaticae  shows  a  clearly  marked  alternation  pf 
generations.     The  first  (sexual)  generation  begins  with  the 
germinating  spore,  and  closes  with  the  act  of  fertilisation  \ 
the  second  (asexual)  generation  consists  of  the  sporogonium. 

The  Hepaticae  are  classified  into  four  families  : — 

I.  RlcciEiE.     The  thallus  is  expanded  flat  and  floats  on  water  ;  the 
sporogonium  is  imbedded  in  the  thallus,  and  does  not  project  above  it ; 
it  dehisces  irregularly,  and  corvlavns  ivo  ^^\.et?i. 

2.  ANTHOCEROTEiE.    TYve  \.V\a\\MS  \s  ^^^^.xA^^^^\.\'Oj\fc  ^^^2iiiA 
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stalked  sporogonium  has  a  columella ;   [the  elaters  have  no  spiral 
bands]  (Fig.  421,  p.  296). 

3.  MARCHANTiEiE.  The  flat  coriaceous  thallus  is  branched  di- 
chotomously  [and  possesses  a  mid- rib]  ;  tlie  sporogonia  are  collected  on 
a  stalked  organ  or  archegonial  receptacle,  and  burst  into  four  valves ; 
[they  contain  elaters]  (Fig.  422,  p.  297). 

4.  JUNGERMANNiEiE.  [The  vegetative  structure  is  usually  differ- 
entiated into  a  stem  and  distinct  leaves] ;  the  sporogonium  bursts  into 
four  valves  [and  contains  elaters]  (Fig.  423,  p.  298). 

The  Hepaticse  are  distributed  throughout  the  world,  but  are  of  no 
economical  importance. 


Class  VI.    Musci, 

The  Musci  or  Mosses  are  nearly  related  to  the  Hepaticae ; 
but  are  in  general  of  a  higher  type,  no  longer  possessing  any 
of  the  characteristic  features  of  Thallogens,  but  having  a 
cylindrical  stem  covered  with  leaves  (Figs.  427,  434).  The 
stem  of  the  order  known  as  Sphagnaceae  is  divided  by  nar- 
row elongated  cells,  which  are  often  lignified,  into  a  central 
large-celled  axial  and  a  looser  cortical  portion  consisting  of 
only  a  few  cells  (Fig.  426  i.).  True  vascular  bundles  are 
altogether  wanting ,  but  in  most  other  families  of  Mosses 
there  is  in  the  centre  of  the  stem  an  axis  of  simple  struc- 
ture, which  does  not  contain  true  vessels,  but  which  is  often 
described  as  a  vascular  bundle  (Fig.  426  11.).  This  often 
consists  only  of  a  few  thick-  or  thin-walled  cells,  not  sharply 
distinguished  from  the  parenchyma  of  the  stem,  which  serve 
for  the  conduction  of  the  sap,  and  therefore  perform  the 
function  of  a  vascular  bundle.  In  some  Mosses  there  are, 
however,  cells  with  thicker  walls,  on  which  may  be  seen  a 
very  delicate  spiral  striation,  and  which  therefore,  altogether 
call  to  mind  a  vascular  bundle.  These  are  sometimes 
central ;  but  sometimes,  as  in  Polytrichum,  give  place  to 
a  central  medulla.  Lateral  branches  from  these  bundles 
sometimes  pass  into  the  leayes  as  veins.  The  leav^^  *ax5^ 
often  narrow,  of  very  thin  or  even  i£v^Tctot^xva\is»  X^-^j^ocifc^'SiS'^^ 
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I.  Part  of  a  iransverw  ^Pclipn  Ihrojgh  the  va 
epidennaL  ull!^;  r  thickened  and  colourec 
ie  Hem  t>!  j»> ;  11.  ™ii!4  yat^v 


»aln^  sa™^  "  ^ikhiti  ■s»™wit)T'*  of 
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of  simple  structure.    They  usually  consist,  with  the  exception 
of  the  veins,  of  only -a  single  layer  of  parenchymatous  cells; 


perignniuin  unrounding  ihe  i 
(magnifisd);  V.  imihtreimd(: 


hut  exceptions  occur  in  the  case  of  Sphagnum  and  other 
Mosses.     In  Polytrichum  the  sud&ce.  iis«  \iaa  oSa.  "spsi- 
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vided  with  peculiar  lamellae  ;  otherwise  there  is,  as  a  rule, 
no  special  epidermal  tissue  with  stomata,  hairs,  &c.,  even 
when  this  is  found  on  the  stem  and  reproductive  organs. 
There  are  never  true  roots  ;  the  nutriment  being  absorbed 
through  rhizoids.  At  the  apex  of  the  stem,  or  growing 
laterally  on  it,  are  often  several  leaves  of  a  somewhat  dif- 
ferent form  to  the  rest,  forming  the  perigonium^  a  kind  of 
envelope  which  protects  the  organs  of  reproduction  growing 
within  it  (Fig.  427,  iv.). 

The  organs  of  reproduction  at  first  altogether  resemble 
those  of  the  Hepaticae ;  but  in  the  course  of  their  develop- 
ment the  following  differences  arise  : — ^The  archegonfum  of 
Mosses  is  ruptured  by  the  young  sporogonium^  and  usually 
in  such  a  way  that  the  lower  part  remains  as  a  sheath  or 
vaginula,  while  the  remainder  is  elevated  in  the  form  of  a 
cap  or  calyptra,  surmounting  the  capsular  *  fruit,*  the  urn, 
theca,  or  sporangium ;  and  is  finally  carried  away  by  the 
wind,  rain,  or  other  accident  The  axis  of  the  sporangium  is 
occupied  by  a  central  column  or  colu7nella^  around  which  the 
unicellular  spores  are  formed.  In  order  to  allow  these  to 
escape,  the  sporangium,  which  varies  greatly  in  form  in  the 
different  genera,  opens  by  means  of  a  lid  or  operculum ;  less 
often,  in  the  Andreaeaceae  (Fig.  429),  by  four  longitudinal 
slits,  or,  in  the  Phascaceae,  irregularly.  The  opening  re- 
sulting from  the  operculum  being  thrown  off,  is  called  the 
stoma  \  its  margin  is  either  smooth  {gymnostomous\  or  is 
furnished  with  two  rows  of  cilia  or  teeth  of  beautiful  form, 
constituting  together  the  peristome  (Fig.  430),  the  nature  of 
which  furnishes  a  character  for  the  classification  of  the 
genera.  The  antheridia  are  usually  in  groups,  and  are  sur- 
rounded by  an  envelope  of  peculiar  leaves,  the  perigonium 
(Fig.  427  IV.).  Among  the  antheridia  are  filiform  struc- 
tures— ^possibly  abortive  leaves — the  paraphyses,  [The 
antheridia  produce  a  number  of  extremely  minute  anthero- 
zoids  (Figs.  427  v.,  428).]  On  germination  the  spore  puts 
out  first  of  all  a  prothaWiutaj  vjVvycJci  \s  u^>\^^  ^x^^tra.^  when 
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it  is  called  a  protonema;  and  on  it  the  young  plant  is 
developed. 

Besides  the  reproduction   by  spores,  Mosses  are  also 
propagated   asexually  by  geinmte  and  by  stolons.    Those 


;ciUhi  through  the  uppfr  pan  of 
oni»aandl«™il^  *a,):II. 
ig,  and  dlDwing    the  anthero 


(afttr  Schimpei,  k  30). 


forms  in  which  the  growth  is  terminated  by  the  production 
of  antheridia  or  archegonia  at  the  apex  of  the  stem  often 
exhibit  prolification  of  the  bud,  as  in  Polytrichum  (Fig. 
427  IV,).  Axillary  buds  by  the  side  of  the  theca  or  of  the 
antheridia  often  develope  also  by  a  process  of  ^es.e.-w'A.v 
forming  growths  known  as  inwvaliom. 


3o6  Structural  and  Physiological  Botany. 

The  Musci  aie  divided  inlo  two  sub-classes,  as  follows  : — 

I.   SpHAGNACE*.     Bog-ntossts. 
According  as  the  Sphagnaceie  grow  in  water  or  on  a  solid  sub- 
UratiUD,  they  foim  a  filiform  or  thallold  protbalHum.     In  the  sporo- 
1,  gonia  are  produced  two  kinds  of 

spores ;  the  larger  are  called 
fnacrospori!,  the  smaller  mi- 
crospores \  the  former  only  get- 
The  mode  of  growth 
is  shown  in  Fig,  431.  [This 
section  includes  the  single  genus 
Spkagnum.'\ 


..  r- ,^-        Sflach. 

mdial  receptacles  b  hhjh  ampttt&KfHm 

from  .hs  llri),        "         ^ 


2.   Bryine*:.     True  Masses. 

Prolhalliam  always  filiform  (protonema) ;  only  one  kind  of  spore. 

1.  Schhocarpi  or  Andrttsaces.     The  ripe  theca  opens  by  four  longi- 
tudinal slits  (Fig.  429]. 

2.  Cleislecarfi  or  Phascaam.     [The   roundish  theca  ruptures  the 
cidyptTa  laterally,  wirtioul  taisrag  \\.  vip  aa  a  ci^  1  no  operculum.] 
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3.  St^ocar^  or  Bryacea.     [The  theca  is  covered  by  a  calyptra,  and 
opens  by  throwing  off  an  operculum.] 
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a,  Acrocarpi.  The  theca  springs  from  the  apex  of  the  main 
stem  or  its  branches  ;  r.^.  Funaria^  Splachnum,  Dicranum, 
Brytim,  Polytrichum^  &c.  (Figs.  427,  432,  433). 

b,  Pteurocarpi.  The  theca  springs  from  the  axil  of  a  leaf;  e.g. 
Hypnuniy  Fontinalis^  &c.  (Figs.  434,  435). 

c,  Enthophyllocarpi.    The  lateral  or  terminal  theca  springs  from 

a  duplication  of  the  leaves. 
Mosses  are  generally  distributed  over  the  surface  of  the  earth  ;  only 
a  few  grow  in  water.     They  are  of  no  economical  importance ;   the 
species  of  Sphagnum  contribute  largely  to  the  formation  of  peat. 

Class  VII.    Filices. 

Ferns  have  usually  a  simple  or  branched  creeping  rhi~ 
zome,  either  below  or  above  the  surface  (Fig.  436) ;  rarely 
an  erect  woody  stem,  which  is  then  always  simple  (Fig.  437). 
In  either  case  the  stem  always  continually  dies  off  slowly  at 
its  lower  end,  or  becomes  lignified.  Large  numbers  of  ad- 
ventitious roots  provided  with  root-hairs  break  out  from  the 
lower  part  of  the  stem  or  from  the  rhizome,  while  the  upper 
part  frequently  puts  out  aerial  roots.  The  stem  is  covered, 
when  young,  with  an  epidermis  provided,  where  above- 
ground,  with  stomata.  The  subjacent  cortical  tissue  either 
consists  entirely  of  thin-walled  parenchymatous  cells,  or  be- 
comes differentiated  into  an  outer  cortex  consisting  of  thick- 
walled  cells,  and  a  thin-walled  parenchymatous  inner  cortex 
(Fig.  438  r'  and  r"),  the  latter  passing  over  gradually  into 
the  fundamental  tissue.  The  activity  of  the  cambium  of 
the  vascular  bundles  is  limited,  as  also  is  their  diametral 
growth,  the  vascular  bundles  growing  chiefly  at  the  apex. 
The  bundles  of  the  entire  plant  are  in  direct  communication 
with  one  another  above  and  below,  and  thus  form  a  system 
of  fibro-vascular  bundles.  They  divide  and  ramify  in  the 
stem,  forming  a  complete  network,  and  send  out  branches 
into  the  leaves.  In  the  roots,  on  the  contrary,  the  bundles 
coalesce  into  a  single  central  or  axial  vascular  bundle.  The 
separate  bundles,  as  seen  in  transverse  section,  are  some- 
times   roundish  and  some\m^^  xfeboxv-^Ka^ed,  and    are 
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usually  separated  from  the  cortical  and  medullary  cells 
by  a  vascular  bundk-sheath,  consisting  of  prosenchymatous 
cells  thickened  on  one  or  on  all  sides,  and  generally  dark- 
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coloured  and  strongly  lignified.  The  oldest  parts  of  the 
bundles  contain  narrow  vascular  cells  with  annular  or  spiral 
thickenings  ;  the  portions  fonned  later  having,  on  the  other 
hand,  scalariform  cells.'  True  vessels  occur  hut  raiely.  In  the 


(greatly  reduced). 


woody  parts  of  the  bundles  there  are  also  parenchymatous 
cells  containing  starch,  and  the  bast-portion  is  constructed 

'  [The  abundance  of  scalanfoim  cells  and  scalariform  vessels  (Fig. 
69,  p.  46),  is  one  of  ihe  chief  characteristics  of  the  woody  tissue  of 
Ferns,  as  contrasted  witVi  that  ot  flowering  plants,  though  they  are  by 
no  means  peculiar  to  this  class  oS  p\a.\As.— Y.o.'X 
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of  parenchyma  which  also  contains  starch,  and  of  bast-tubes 
and  sieve-tubes  {Fig.  438  11.). 

The  leaves  of  Ferns  are  commonly  known  as  fronds. 
They  originate,  like  those  of  higher  plants,  as  small  cellular 
elevations  beneath  the 
growing  point  of  the  stem, 
but  increase  in  length,  like 
branches,  at  their  apex, 
below  which  the  lamina  is 
then  formed.  The  leaves 
are  rolled  up,  when  young, 
in  a  circinate  manner  ;  after 
maturity,  they  are  thrown 
off  periodically.  They  are 
produced  only  at  the  apex 
of  the  stem.  Their  form 
varies  greatly,  from  lanceo- 
late and  entire  in  the  harts- 
tongue,  Scolopendrium,  to 
doubly  or  trebly  pinnate  in  the  Aspidiums.  Except  in  the 
Hymenophyllaceas  ■  they  are  almost  always  composed  of 
several  layers  of  cells,  which  very  commonly  separate  into 
two  clearly  distinguishable  lamina:,  the  upper  one  consiscii^ 
of  cylindrical  cells  placed  vertically  to  the  surface,  and  fit- 
ting more  or  less  closely  to  one  another,  the  lower  of  a  looser 
tissue  formed  of  cells  of  a  mote  spherical  form.  Both  sides 
of  the  leaf  are  covered  by  an  epidermis  provided  with  nume- 
rous stomata.  The  stem  and  the  rachis  of  the  leaves  are 
clothed,  in  most  species,  with  brown  dry  lanceolate  or  hair- 
like  epidermal  strucmres  of  a  thin  membranous  texture,  the 
pcUea. 

The  sporangia  are  arranged  in  masses  at  definite  spots, 
usually  on  the  under  side  of  the  leaf,  and  are  outgrowths  of 
its  epidermis  (Fig.  439).  The  separate  sort  [or  collections 
of  sporangia]  vary  in  form  and  arrangement,  and  afford  dis- 
tinguiahmg  cbaracterislics  loi  tke  g,^:a«a-   T;\v<i^  ase.  xonnd- 


rcady  thrown  ofr(naIirml 
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ish  in  Polystichum,  linear  in  AspUnium.    They  are  occa- 
sionally naked,  as  in  Polypodium  (Fig.  439  v.) ;  but  more 


iting;  VI,  ^iM«o- 
removcd  ID  show  the 

often  covered  by  a  membranous  skin,  \he  tndusium\^\v\^^ 
\5m\ial\y  nn  extension  of  the  epideTmvs\  l,'E"ife.  ^T>'^'\.^-   "^"^ 
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most  Fems  the  sporangia  are  provided  with  an  elastic  ring, 
the  unnulus,  running  over  the  apex,  which  [by  its  contrac- 
tion] causes  the  sporangium  to  burst  [to  allow  the  escape  of 
the  spores]  (Fig.  440  i.) ;  less  often  it  siinounds  the  sporan- 


wkh  bori- 
lOPtaiaDimiiis;  IIl.<?i- 
muitda    regaUs.    royal 

Bjmulus(all  gieally  magnified). 


,);   III.  lb 


ji'um  in  a  horizontal  01  oblige  direction  (Fig.  440  11.  in.). 
On  genninating,  the  spore  ttsv  ^"jw.  -nsa  \a  ^  '©w^  ■feaUsAl 
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leaf-like  often  kidney-shaped  structure,  lying  flat  on  the 
surface  of  the  ground,  the  prothalliuni  or  pro-embryo  (Big, 
441  III.),  which  puts  out  rhizoids  from  its  under  side, 
and  forms  the  archegonia  and  antheridia  among  them. 
In  the  latter  are  produced  the  ciliated  antherozoids  (Fig. 
442) ;  from  the  former,  which  agree  in  almost  all  points  with 


idiuin,  I  wiihenuoiJE,  i 


the  archegonia  of  Mosses,  the  young  plant  is  developed, 
after  the  fertilisation  of  the  oosphere  b^  the  antherozoids; 
the  pro  thallium  then  disappearing.' 

An  alternation  of  generations  is  very  strongly  marked  in 
Ferns;  the  first  [sexual]  generation  includes  the  formation  of 
the  prothallium  and  sexual  organs ;  the  second  [non-sexual] 

'  [The  central  cell  of  the  archegonium  divides  first  into  four  cells, 
of  which  (he  two  lowest  subdivide  and  become  imbedded  in  the  sub- 
stance of  the  prothallium.  The  two  upper  of  the  four  cells  also  sub- 
divide, one  developing  into  the  rhizome,  the  other  into  thtfeAv;**!^. 
of  the  young  Fern. — Ed.] 
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generation  the  spore-producing  Fern-plant  itself.  Ferns  are 
also  reproduced  by  means  of  gemmcd  which  grow  on  the 
stalk  or  surface  of  the  leaves. 

Ferns  have  been  applied  to  but  very  few  economical 
uses.  The  rhizome  of  the  *  male  fern/  Nephrodiumfilix-mas, 
and  of  the  common  polypody,  Polypodium  vulgare^  and  the 
paleae  of  a  Sumatran  species,  Cibotium  glaucescensy  are  used 
in  medicine  as  vermifuges. 

[The  following  is,  with  some  modifications,  the  classification  of 
Fems  adopted  by  Mettenius  : — 

1.  Hymatophyllacea,  Sporangia  formed  on  a  prolongation  of  a 
vein  projecting  beyond  the  margin  of  the  leaf,  and  surrounded  by  a 
cup-shaped  indusium.  Annulus  oblique  or  transverse,  and  dehiscence, 
therefore,  longitudinal :  leaves  often  very  thin  and  delicate  :  Hymeno- 
phyllum,  Trichomanes,  Loxsoma^  &c.  (Figs.  439  VI.,  vii.,  440  II.) 

2.  Gleickeniacece,  Sporangia  sessile,  with  a  complete  transverse 
annulus  :  dehiscence  longitudinal  :    Gleichenia. 

3.  SchizcBOcecB,  Sporangia  sessile  or  shortly  stalked  ;  annulus  com- 
plete, forming  an  apical  cap-like  zone,  dehiscence  longitudinal:  Schizcea, 
Anemia,  Lygodium, 

4.  Osmundacece,  Sporangia  shortly  stalked;  annulus  running  round  one 
side  only;  dehiscence  longitudinal :  Osmunda,  Todea.  (Fig.  440  ill.) 

5.  Cyatheacece,  Annulus  complete,  oblique,  eccentric  ;  dehiscence 
transverse ;  sorus  generally  on  a  strongly  developed  receptacle : 
AlsophUa,  Hemitelia,  Cyaihea  ;  most  tree-ferns. 

6.  PolypodiacecB.  Annulus  vertical  and  incomplete  ;  dehiscence 
transverse : — AcrosHchuntj  Polypodium,  Adianium,  Pteris,  Blecknum, 
Asplenium,  Scolopendrium,  Aspidium,  &c.     (Fig.  439  I- v.,  440  I.) 

7.  MarattiacecB,  Sporangia  generally  confluent,  and  formed  from 
internal  masses  of  tissue:  Marattia^  Dancsa,  Kaulfussia,  Angio- 
pteris. — Ed.] 


Class  VIII.    Equisetacece, 

The  aerial  stem  of  the  Horsetails  springs  from  a  creeping 

rhizome  which  produces  at  its  nodes  a  number  of  adventitious 

roots.     The  stem  is  herbaceous,  usually  furrowed,  simple  or 

branched,  jointed,  and  pxovlded  at  the  joints  or  nodes  with 

toothed  sheaths  fotmed  "by  \5cv^  co^kjs^c^T^c,^  ^S.  ^^  V'^'b^es  at 

their  base.     The  habil  oi  tYve  ^\a.tA.  ^^-^^^^^  ^-^  '^^^  \skA^ 
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in  whidi  the  leaves  are  fonned,  and  on  the  verdcillate  ar- 
rangeroent  of  the  brandies  which  spring  from  buds  in  the 
cortex  {Fig.  443).  While,  in  respect  of  their  v^etative 
organs,  tliey  can  be  compared  only  with  the  Australian 


dicotyledonous  Casuarineae  and  the  extinct  Calamites,  in 
their  mode  of  reproduction  the  Equisetacese  closely  resemble 
Ferns.  In  the  internal  structure  of  the  stem  the  air-cavities 
are  of  great  importance.  Its  centre  is  occupied  by  a  large 
central  air-cavity  {Fig.  444  A,  c)  ;  and  in  the  surrounding 
ling  of  tissue,  which  is  often  rather  narrow,  there  is  almost 
alWfiys  a  corUcal  air-caViX-j  l^^'v^.  tA\  &>-,  r^  \«SKeen  each 


[C.  4M.  -A.  Tranivtise  leciion  through  the  rbiiome  of  E^nisilum  lillimU:  g 

B.  inasitnt  section  through  a  youDg  stem  of  E.  jyivatuum  \  0  epidermic  -. 
c:  collcnchyma :  Kratntcal  parenchyma,  many  of  thecelUcontamwicVAbwfjTH^\ 
9  vmcuhir  bundle-shealh ;  o  vaiculat  bund\«  ■.  \,eotiJci!iiii-<a,-*a.1-.  ^  cMswi.™ 
cavity;  i."iuiwaviivaflhc  vucnlai  bundW '.  it  utirak.l,«-  "^^^ 
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pair  of  vascular  bundles  g.  In  addition,  there  often  occur 
also  the  so-called  *  essential '  air- cavities  (Fig.  444  B,  l')  in 
the  vascular  bundles.  In  some  species  the  epidermis,  which 
consists  of  a  single  layer  of  cells  and  is  more  or  less  strongly 
silicified,  has  stomata  (the  '  Equiseta  phaneropora ') ;  while 
in  others  (*  Equiseta  cryptopora'),  it  is  penetrated  by  crevices 
beneath  which  are  the  true  stomata.  The  stomata  (Fig.  444 
B,  st)  are  always  placed  in  a  single  or  in  several  rows  between 
the  elevated  ridges  of  the  stem.  The  cortex  consists  of  thin- 
walled  or  of  only  moderately  thickened  parenchyma.  It  is 
separated  on  the  inside  from  the  vascular  bundles  by  a 
sheath  which  sometimes  encloses  all  the  bundles  together 
(Fig.  444  B,  s) ;  while  at  other  times  each  separate  bundle  is 
surrounded  by  a  sheath  (Fig.  444  A,  g).  The  vascular 
bundles  ascend  in  a  vertical  direction,  and  parallel  to  one 
another,  through  the  intemodes,  and  form  annular  coils  in 
the  nodes.  The  *  essential '  air-cavity  occupies  the  largest 
part  of  the  woody  portion  of  each  vascular  bundle ;  one  or 
more  vascular  cells  project  into  it  on  each  side ;  and  its 
outer  part  is  formed  of  elongated  parenchymatous  cells 
containing  starch.  Two  other  groups  of  vascular  cells  are 
found  on  the  cortical  side  of  the  bundle.  The  bast-portion 
contains  three  elements ;  parenchyma,  bast-fibres,  and 
sieve-tubes  ;  it  lies  between  the  four  groups  of  vascular  cells 
and  the  vascular  bundle-sheath.  In  the  root  is  an  axial 
bundle  of  vasculsu:  cells  surrounded  by  elongated  parenchy- 
matous cells,  with  which  sieve-tubes  and  bast-fibres  are  inter- 
mixed. The  sporangia  are  capsules  placed  on  the  under  side 
of  scales  belonging  to  the  fructification  (Fig.  443  11.).  The 
fructification  or  receptacle  is  often  placed  on  special  shoots 
which  are  distingxiished  by  their  external  form  and  by  their 
brown  colour  from  the  sterile  green  stems  (Fig.  443  i.). 
The  spores  are  provided  with  two  hygroscopic  bands  or 
elaters  (Fig.  443  iii.),  only  loosely  attached  to  them  [formed 
hy  the  splitting  into  narrow  strips  and  the  partial  detaching 
of  the  exospore  or  outeimosl  ol  \5[v&  \!wt^^  ^.^^.ts  of  the  spore, 
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and  serving,  by  their  hygroscopic  properties,  to  assist 
in  their  dissemination].  On  germination  the  spore  gives 
rise  first  to  a  flat  prothallium,  upon  which  are  produced, 
in  some  species  only  onei  in  others  both  kinds  of  repro- 
ductive organs,    aniheridia    and    archegonia    (Fig.   44S)i 


IL  prolhajiium 


the  former  species  being  therefore  dioecious,  the  latter  mon- 
oecious. In  the  antheridia  are  developed  a  number  of 
motile  antherozoids ;  in  the  archegonia,  as  in  Mosses,  a 
single  central  cell  containing  an  oosphere,  which,  after  im- 
pregnation, developes  gradually  into  the  young  plant  The 
alternation  of  generations  is  therefore  precisely  similar  to 
that  of  Ferns.  The  Equisetacese  are  also  propagated  in  a 
vegetative  non-sexual  manner,  by  means  of  subterranean 
stolons  and  tubers  (Fig.  443  iv.,  p.  318). 

The  class  includes  only  a  single  genus,  Equiselum.      A.  Q[iKMo>^i  A 

silica  is  deposited  in  the  stems,  and  cspedalVj  to  *A*  e^i&Kra»a.\  E.. 
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hyemale  being  on  this  account  especially  used  as  a  substance  for  polish- 
ing, under  the  name  of  *  Dutch  rushes,*  E,  arvense  is  a  troublesome 
weed.     [Calamites  are  the  stems  of  fossil  Equisetaceae.] 

Class  IX.     Ophioglossacece. 

The  plants  belonging  to  this  class  were  till  recently  in- 
cluded among  Ferns  ;  but  are  sufficiently  distinguished  from 
them  by  their  underground  prothallium,  which  is  destitute 
of  chlorophyll ;  by  the  mode  of  development  and  the  form 
of  the  sporangia ;  and  finally,  by  the  stem  never  branching. 
The  primary  root  seldom  branches  ;  and  the  small,  flat  stem  is 
enclosed  by  the  sheathing  base  of  the  leaf.  The  number  of 
leaves,  which  are  always  annual,  is  small ;  our  two  native 
species,  Ophioglossum  vulgatum  (Fig.  446),  and  Botrychium 
Lunaria,  never  producing  more  than  one  each  year.  The 
leaves  are  also  remarkable  for  the  slowness  of  their  growth; 
those  of  the  latter  species  requiring  four  years  for  their  de- 
velopment, the  first  three  of  these  being  spent  entirely  be- 
neath the  soil.  As  soon  as  the  plant  has  attained  a  certain 
age,  the  leaf  branches,  one  half  developing  into  a  receptacle 
or  spike  of  sporangia,  [the  other  into  the  green  lamina  of  the 
leaf].  The  sporangia  are  not  produced  each  from  a  single 
epidermal  cell,  and  therefore  of  the  nature  of  trichomes,  as 
in  Ferns  ;  but  are  rather  entire  lobes  of  the  leaf,  the  internal 
tissue  of  which  is  the  origin  of  the  mother-cells  of  the 
spores.  In  Ophioglossum  the  sporangia  are  arranged  in  two 
rows  in  a  simple  spike  (Fig.  446  i.,  11.),  and  are  coherent ; 
in  Botrychium,  on  the  contrary,  they  are  distinct,  and  form 
a  branched  spike  or  panicle.  The  tetrahedral  spores  pro- 
duce, on  germination,  prothallia,  on  which  are  developed 
the  reproductive  organs,  antheridia  and  archegonia  ;  but 
the  process  of  impregnation  and  the  first  stages  of  develop- 
ment of  the  oospore  have  not  yet  been  observed.  There  is 
the  same  alternation  between  a  sexual  generation  producing 
antheridia  and  archegonia,  and  a  non-sexual  generation  pro- 
ducing spores,  as  in  tive  \asX  two  Oi-ass^^-^.    Ixv  Ophioglossum 
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there  is  also  a  vegetative  mode  of  reproduction  by  means  of 
adventitious  buds  on  the  roots  (Fig.  446  i.).    The  prevalent 
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form  of  tissue  is  parenchymatous  fundamental  tissue,  con- 
sisting of  long,  nearly  cylindrical  cells,  thin-walled  and  full 
of  sap,  and  with  large  intercellular  spaces.  Both  sides  of  the 
leaves  are  covered  by  an  epidermis  provided  with  numerous 
stomata.  The  vascular  bundles  form  a  network  in  the  stem, 
the  tissue  which  occupies  the  space  between  the  meshes 
being  frequentiy  changed  into  scalariform  vessels,  so  that 
the  stem  then  forms  a  closed  hollow  cylinder.  This  often 
takes  place  only  on  one  side. 

[The  adder's-tongue,  Ophioglossum  vulgatum,  and  the  moonwort, 
Botrychium  Lunarian  are  the  only  British  representatives  of  the  class, 
which  comprises  only  a  very  small  number  of  species.  None  are  of  any 
economical  value.] 

Class  X.    Rhizocarpece. 

The  Rhizocarpese  are  plants  floating  on  the  surface  or 
creeping  along  the  bottom  of  water,  and  derive  their  name 
from  the  circumstance  that  their  fructification  is  placed  at 
the  base  of  the  leaves  or  between  the  fibres  of  submerged 
leaves.  From  their  mode  of  life  they  have  also  been  called 
*Hydropterides'  or  Water-ferns.  The  stem  has  a  simple 
vascular  bundle  in  its  axis,  which  branches  with  the  stem 
and  also  passes  into  the  leaves,  and  is  surrounded  by  an 
annular  layer  of  lignified  cells  and  a  parenchymatous  cortex. 
The  woody  part  (xylem)  of  the  bundle  consists  of  very  thick- 
walled  vascular  cells,  among  which  occurs  here  and  there  an 
elongated  parenchymatous  cell,  while  the  bast-portion  con- 
tains parenchyma,  vessels,  and  bast-fibres.  The  root  has 
also  a  central  bundle,  which  is,  however,  surrounded  by  a 
sheath.  The  fructification  consists  of  conceptacles  or 
sporocarps^  containing  a  number  of  sporangia  collected  in 
groups  or  sari.  The  spores  themselves  are  of  two  kinds  : 
macrospores,  and  microspores  several  hundred  times  smaller. 
They  are  formed  in  different  sporangia,  macrosporangia  and 
mcrosjforangia  ;  the  two  \ixiAs  \>€Yft%  iwoA  ^\^<^r  in  the 
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same  or  in  different  sporocarps  (Figs.  447  u.,  449  l.)-  The 
antheridia  are  either  formed  directly  from  the  microspores,  as 
m  Marsika  and  Pilularia ;  or,  in  Salvinia,  the  microspores 


Pig  tA7.-Sal„ma  nal. 
wiih  two  aerial  leaves,  and  one  ixef\y  divided         /olitt,  wilh  Ii 
roDt-Iike  lubmergcd  leaf  with  sporocarps  (namral  (natural  size)- 

size);  11,  a  fieciion ihroi^li  two  sporocarps:  a 
sporocBjp  with  macrasporangia,  6  with  micTosponuigia  (greatly  magniiied). 

germinate  and  produce  spore-sacs,  the  apices  of  which  de- 
velope  into  antheridia.     At  the  apex  of  the  macrospore  is  a 
papilla  containing  protoplasm,  from  whitk  ■«  AtM^o^^  <svt 
primary  cell  of  the  prothallium  (,T\g,.  i^^Q'v.'i^.  'We.  «s^^«^'«' 
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of  this  apical  papilla,  which  is  enclosed  in  the  epispore  or 
gelatinous  envelope  that  surrounds  the  whole  spore,  di- 
vide, when  the  spore  begins  to  germinate,  into  a  central  cell 
and  several  superficial  ones.  The  latter  become  filled  with 
chlorophyll,  and  grow  into  a  body  which  is  placed  lilce  a 
cap  on  the  apex  of  the  inacrospore,  and  then  form  the  cells 


Fto.  449.— jWai 

(  of  tji?  Bphcrical 


which  immediately  surround  the  central  cell,  and  which 
therefore  constitute  the  archegonium.  At  the  proper  time 
one  or  more  antherozoids  force  themselves  through  the  neck 
of  this  archegonium,  and  presumably  disappear  in  the  in- 
terior of  the  central  ceU,  i.e.  in  an  oosphere.  The  oospore 
or  fertilised  oosphere  then  becomes  surrounded  by  a  celU 
waJi  (Fig.  449  iii.,  o),  divides  into  new  cells,  and  graduallj 
5TOWS  into  a  new  plant  l^'Eig.  Wi'^'^^-    "^t»-*«^'^  -aiXKroatioi 
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of  generations  Rhizocarpese  do  not  diflfer  from  the  other 
classes  of  Vascular  Cryptogams.  Salvinia  (Fig.  447)  is 
absolutely  rootless.  On  the  older  parts  of  the  plant  the 
leaves  stand  in  whorls  of  three,  the  two  upper  leaves  of  the 
whorl  being  aerial  leaves  with  entire  margins,  the  lower  one 
a  submerged  leaf  divided  into  very  narrow  root-like  seg- 
ments. 

The  European  genera  of  Rhizocarpeae  are  only  three,  which  are 
classified,  as  follows,  into  two  orders  : — 

1.  Marsileacece.  Perennial  plants  creeping  in  mud;  the  micro- 
sporangia  and  macrosporangia  are  contained  in  the  same  sporocarp: 
Marsilea^  Pilularia,    The  leaves  are  circinate  in  vernation. 

2.  Salviniacea,  Annual  plants  floating  on  water;  the  micro- 
sporangia  and  macrosporangia  are  formed  in  different  sporocarps : 
Salvinia, 

Only  one  other  genus  is  known  in  addition  to  the  above,  Azolla^ 
[belonging  to  the  Salviniaceae].  The  sporocarps  of  several  Australian 
species  oi  Marsilea  are  known  as  'nardoo,*  and  are  used  by  the  natives 
as  an  article  of  food. 


Class  XI.     Lycopodiacecs, 

The  plants  belonging  to  this  class  present  so  many 
diversities,  especially  in  relation  to  their  vegetative  organs, 
that  they  might  well  be  distributed  into  several  classes. 
The  true  Lycopodiece  (Fig.  450  a)  have  a  procumbent  stem 
which  usually  dichotomises  repeatedly,  the  branches  extend- 
ing in  all  directions.  The  Selaginellece  (Fig.  450  b)  have  also 
usually  a  procumbent  stem  which  branches  dichotomously, 
but  the  branches  develope  only  in  one  plane,  so  that  the 
plant  presents  an  external  resemblance  to  the  Junger- 
mannieae  among  the  Hepaticse.  In  both  these  families  the 
leaves  are  simple,  sessile,  and  with  a  single  central  vein  ; 
but  in  the  Lycopodieae  all  the  leaves  are  of  the  same  size 
and  arranged  spirally  on  the  stem,  while  in  the  Selaginelleae 
they  are  placed  in  four  rows,  and  are  of  different  sizes,  the 
lateral   rows   consisting  of  largei,  tVv^  \i:^^^^  •as^^  >5>SN.^^e:^ 
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Fif:.  45a— A.  Lyciipodiuiii  clavatuitr;  I.  fenile  branch  or  receptacle 
(natural  aie) ;  II,  iimaU  leaf  or  brad  bearing  a  sporanBium  (gieally 
mKnified)  ;  B.  SrIapKrIla  itaavalifalia :  I,  fenile  branch  (naiural 

SKatly  magnifiedV 
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rows  of  smaller  leaves.  In  both  families  a  number  of  adven- 
titious roots  are  produced  on  the  under  side  of  the  stem 
facing  the  ground,  and  the  stem  contains  an  axial  vascular 
bundle.  In  contrast  to  these  two  families,  which  are  both 
terrestrial,  is  a  third,  the  Isoetece  (Yig,  451),  consisting  mostly 
of  aquatic  plants  with  a  simple  cylindrical  but  only  slightly 
developed  stem  and  elongated  grass-like  leaves.  The  single 
genus  belonging  to  this  family,  Isoetes,  is  the  only  one  at 
present  known  among  Cryptogams  in  which  the  stem  per- 
manently increases  in  thickness ;  and  this  takes  place  by  an 
annual  formation  of  new  masses  of  tissue  round  the  cen- 
tral vascular  bundle,  the  older  ones  gradually  dying  off  on 
the  outside.  Since  this  process  takes  place  almost  entirely 
at  two  spots  directly  opposite  to  one  another,  the  stem  ul- 
timately has  the  form  of  a  plate  or  disc  (Fig.  451  11.).  The 
axis  of  the  stem  is  occupied  in  all  the  Lycopodiacese  by 
one  or  several  vascular  bundles  separated  from  one  another 
by  intermediate  parenchymatous  fundamental  tissue  (Fig. 
452).  In  the  Selaginelleae  the  vascular  bundle  is  connected 
with  the  cortex  by  a  very  loose  spongy  tissue,  so  that  it 
appears  to  lie  almost  isolated  in  a  cylinder  filled  with  air 
and  connected  with  the  walls  only  here  and  there  by 
parenchymatous  cells.  In  the  other  families  of  the  class  a 
sheath  of  thick-walled  prosenchymatous  cells  arranged  in 
layers  takes  the  place  of  this  spongy  tissue  (Fig.  452  s). 
The  structure  of  the  vascular  bundle  itself  is  always  unifonn. 
The  xylem-portion  consists  of  wider  vascular  cells  in  its 
inner,  of  narrower  vascular  cells  in  its  outer  part ;  the  bast- 
portion  possesses  vessels,  fibres,  and  parenchymatous  tissue. 
The  axial  vascular  bundle  sends  out  ramifications  into  the 
branches  and  leaves. 

In  all  the  Lycopodiaceae  the  fructification  takes  the 
form  of  sporangia  or  capsules  which  burst  open  when  ripe, 
seated  in  the  axils  of  the  leaves,  and  often,  as  in  Lycopodium^ 
constituting  a  peculiar  spike-like  receptacle. 

The  families  Selaginelleae  aivd  l^o<^Ve.'Sfc  \saN^  \.^^  ^Kcs^^ 
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in  thtough  the  pniihalliuin  with  an  acchcgonivmi  a  <  x  «»)  i 

n  with  tbm  tooAm-iAX^  o^  asAvnoxqvls  (.x  500) ;  VI.  antheivcud 


'rc-  453- — TransTcr&e  Kctioa  through  the  stem  of  LrcBfiodiutit  ajtn 
dermis  ;  A  B  outer  cortei ;  J  ■  inner  cortei ;  s  oilEi  SneaSa  ■.  t 
shealh  or  [he  thin-walled  patenchyma.  saiit»Ki4hift  'iJie  -r^ 
xylan-,  b  b^^-paetion  of  tKe  vascular \)uikd\e',fii^,Bi^,\«aL-M^ 
the  vascijfat  bundle  proeeedu^  to  ^  \e3L'v»  Vii  t.w>J. 
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of  sporangia  (Fig.  450  b,  ii.,  hi.)  :  fnacrosporhngia^  in 
which  are  formed  four  large  macrospores  \  and  microsporangiay 
in  which  a  greater  number  of  *much  smaller  spores,  the  mi- 
crosporesy  are  developed.  The  microspores  are  the  an- 
theridia,  and  break  up  into  a  small  number  of  cells,  one 
of  which  remains  unproductive  and  may  be  regarded  as  an 
abortive  prothallium,  while  antherozoids  are  developed  in  the 
remainder.  The  macrospores,  on  the  other  hand,  as  in  the 
Rhizocarpese,  produce  a  transitory  prothallium,  which  bears 
archegonia  opening  outwardly  (Fig.  449,  i,  iv.),  and  in 
their  interior  a  central  cell  with  its  oosphere.  In  the  Isoetese 
the  prothallium  entirely  fills  up  the  macrospore ;  while  in 
the  Selaginellese  it  is  attached  to  its  apex  as  a  cap-shaped 
appendage.  After  fertilisation,  which  process  has  not  yet 
been  directly  observed,  the  embryo  is,  in  Isoetes^  developed 
directly  from  the  oosphere,  while,  in  Selaginella^  the  latter 
forms  at  first  a  filiform  pro- embryo  or  suspensor^  on  which 
the  young  plant  is  then  developed.  The  mode  of  reproduc- 
tion of  the  Lycopodieae  is  still  unknown,  and  at  present 
only  one  kind  of  spore  has  been  observed  in  them,  corre- 
sponding in  its  external  characters  to  the  microspores  of  the 
other  families.  It  is  obvious  that  there  is  in  the  Lycopodi- 
aceae  an  alternation  of  generations  resembling  that  which 
prevails  in  other  Vascular  Cryptogams.  They  are  also  pro- 
pagated in  a  non-sexual  vegetative  manner  by  means  of 
gemmcB^  that  is,  by  buds  formed  in  the  axils  of  the  leaves, 
which  become  detached  from  the  parent-plant  and  develope 
into  new  individuals. 

[The  Lycopodiaceae  are  divided  into  three  families,  as  under  : 

1.  LycopodiecB,  Terrestrial  plants  with  small  leaves  all  of  one  size ; 
only  one  kind  of  spore  known:  Lycopodium,  TmeHptei-is^  Fhylloglossum, 
Psilotum, 

2.  Selagtnellecp,  Terrestrial  plants  with  small  leaves  of  two  differ- 
ent sizes  ;  two  kinds  of  spores  :  Selaginella. 

3.  IsoHe(B.     Aquatic  or  rarely  terrestrial  plants  with  long  grass-like 
leaves  ;  two  kinds  of  spores*.  Isog(es.\ 

The  number  of  species  \s  aJaout  \>Ktee\MxA\t^%  ^^^  ^^-w^^raiwelY 
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small  plants ;  whereas,  in  past  geological  epochs,  plants  belonging  to 
this  class,  as  Lepidodendron^  attained  a  height  of  30,  and  a  diameter 
of  one  metre.  The  only  European  genera  are  Lycopodiuniy  Selagtnella, 
and  Isoetes,  The  yellow  spores  of  several  species  of  Lycopodium,  L, 
clavatumy  annotinum^  and  Selago  are  officinal,  and  are  used  for  making 
artificial  lightning.  [Several  species  are  commonly  known  as  *  stag's- 
horn-moss  '  or  *  club-moss.*] 


FLOWERING    PLANTS. 

Class  XIL     Gymnospermce, 

[The  main  characteristic  of  Gymnosperms,  as  distin- 
guished from  the  other  classes  of  Flowering  Plants,  consists 
in  the  absence  of  an  ovary,  the  seeds  being  borne  naked  on 
the  upper  side  of  the  woody  scales  which  some  consider  to 
be  the  carpels.  With  this  is  necessarily  connected  a  dif- 
ference in  the  mode  of  fertilisation  and  in  the  structure  of 
the  pollen-grains,  which  has  akeady  been  explained  (p.  191). 
In  their  reproductive  organs,  therefore,  the  Gymnosperms 
exhibit  a  decidedly  lower  type  of  organisation  than  Mono- 
cotyledons or  Dicotyledons,  and  in  many  respects  occupy 
an  intermediate  position  between  these  classes  and  Cryp- 
togams. The  pollen-grains  suggest  a  homology  with  the 
microspores  of  Selaginella ;  and  the  corpuscula  or  secondary 
embryo-sacs  with  the  central  cell  of  the  archegonia  in  Vas- 
cular Cryptogams.  In  the  anatomical  structure  of  the  wood 
Gymnosperms  resemble  Dicotyledons  in  all  essential  par- 
ticulars (see  p.  356).]  The  class  is  divided  into  three 
orders  : — 

Order  I.  CvcADEiE.  The  Cycadeae  (Fig.  453)  are  all  tropical  trees 
with  simple  stems,  resembling  Palms  in  their  habit  and  Ferns  in  the  mode 
of  development  of  their  leaves.  Their  columnar  stems  attain  a  consider- 
able diameter,  are  tuberous  or  globular  when  young,  and  often  even 
at  a  later  period,  and  bear  two  kinds  of  leaves ;  the  one  dry  brown, 
hairy,  sessile  scales  of  a  coriaceous  texture  and  comparativebj  ^^cssali. 
size,  the  other  large,  stalked,  simply  i^umaX^  lo\\ajg^Asa:*^&*    '\>5ise^  "a^^. 
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dkEdoti&     Both  kinds  of  flowers  are  always  placed  in  teiminal  cones 
U  tbe  apex  of  tlie  stem,  in  tbe  centie  of  the  crown  ol  leaves,  and  have 


no  floral  envelope  m  peiiawtti,  tml  consist  simpiy  of  en  a 
ta  the  one  case  denseiy  coveted  '*Wti  aaro^M.,  va  ■&*  <& 
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the  ovules.     The  two  cotyledons  are  unlike  in  form,  are  connate  with 

one  another  at  their  apex,  and  remain,  on  germination,  enclosed  in  the 
albuminous  seed.  The  pith  of  some  species,  as  the  £ast  Indian  Cyctu 
iiriinalis,  and  the  South  African  Enctphaiartos  lanugaiosus,  afToid  a 
kind  of  safio.  [Principal  genera:  Cyias,  Slangfria,  Dibon,  Enceph4iiartct, 
Zamia.] 

Older  2.  Conifers.  Trees  or  shrubs,  with  stems  growing  at  their . 
apei  for  not  unfrequently  several  centuries,  and  attaining  a  height  of 
200  or  300  leet  or  mote.  Either  all  the  leaves  have  the  form  of  fohage- 
leaves,  as  in  yunipenu  and  Thuja,  or  foliage- leaves  alternate  with 
membianoua  scales  which  serve  to  protect  the  buds,  as  in  the  Abietineie. 
The  leaves  are  small,  usually  acerose  (Fig.  454),  and  endure  for  several 
years,  and  the  plants  are  therefore  evergreen.  The  flowers  aie  always 
incomplete  (without  perianth),  and  either  monoecious,  as  in  Abies,  or 
dicecious,  as  in  the  yew  and  juniper.  The  male  flowers,  vt^ich  are 
often  incorrectly  caEed  catkins,  bear  leaf-like  or  scale-like  bracts  on 
the  lower  end  of  a  common  axis,  and  at  the  upper  end  a  number  of 
stamens.  The  female  flowers  are  of  various  forms,  and  are  either  solitary 
or  united  into  peculiar  cone-like  inflorescences.  In  the  Cuprniinea 
(Figs.  455,  456I  the  stamens  are  broad,  and  bear  two  or  three  poUea- 


sacs  on  a  shield-like  mid  rib.  The  ovules  ore  erect  and  orthotropous, 
and  stand  in  the  axilsof  the  bracts  or  carpellary  scales.  In  some  genera, 
as  TAnja  and  Cupmsus,  ihe  fruit  is  a  cone  ;  in  others,  as  yunipfrus,  it  is 
berry-like,  and  formed  by  the  coalescence  and  softening  of  several  female 
flowers.  The  embryo  has  two  ts  three  cotyledons,  which  remain  in 
iJie  ground  on  germination.  The  fruit  of  the  juniper,  yuniperus  cam- 
munis,  is  officinal,  and  is  apptel  to  to»v^  ■jMiyaea-,  »s  also  are  the 
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young  branches  of  the  poisonous  savine,  Junipena  Sabina,  and  the  resin 
from  the  North  African  Callitris  quadraialvis.  The  anthers  of  the 
Taxtma  (Fig.  457)  aie  a-8-lobed.  The  erect  ovules  (see  Fig.  328, 
p.  154),  which  are  either  solitary  or  arranged  in  groups  on  a  special 
branch,  and  either  terminal  or  lateral,  develope  into  nut-like  seeds 
surrounded  by  a  more  01  less  thickened  and  flesh/  envelope  or  atil. 
The  embryo  has  two  cotyledons  which  in  some  genera  rise  above  lh« 
ground,  while  in  others  they  do  not.  The  poisonous  leaves  of  the  yew, 
Taxus  baccaia,  are  officinal.  The  AiieHitea  (Figs.  454,  p.  335  ;  458, 
459)  approach  theTaxineee  in  their  two-lobed  anthers,  and  the  Cupres^cx 


in  their  fruit,  which  is  a  cone  ;  but  differ  from  both  these  suborders  in 
their  analropous  ovules  with  the  micropyle  directed  downwards,  and 
in  the  number  of  (heir  cotyledons,  which  varies  from  five  to  twelve 
[or  rather  from  two  to  fifteen].  The  cone  is  also  conalrucled  diffeteWH 
from  that  of  the  Cnpressinex,  being  cotuvose^  ol  \iiiQnudA>nAMA  wc^ 
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carpellary  scales,  each  of  which  bears  two  winged  ovules.  These 
scales  overtake  in  their  growth  the  bracts  which  are  situated  between 
them,  and  which  are  arrested  in  their  gro^^th  and  become  coriaceous 
or  woody.  The  cedar  of  Lebanon,  Cedrus  Libani,  is  of  historic  interest, 
but  has  now  nearly  died  out,  and  is  related  to  the  exotic  Araucarieae. 
The  best-known  European  representatives  of  the  sub-order  are  the  Scotch 
fir,  Pinus  sylvestriSy  the  Spruce  fir,  Finns  excelsa^  the  larch,  Larix 
europaa^  [and  the  stone  pine,  Finns  Pinea,']  The  various  trees  belonging 
to  it  are  of  the  highest  value  for  a  great  variety  of  purposes  ;  the  wood 
being  employed  for  fiiel  and  for  building  purposes,  for  joining  and 
turning  work,  for  the  manufacture  of  musical  instruments,  &c.  [and  for 
the  navy].  The  wood  of  the  root  is  lighter  and  is  less  used  for  fiiel  than 
that  of  the  trunk,  but  is  richer  in  resinous  substances,  and  therefore 
more  serviceable  for  the  production  of  tar.  Pinus  sylvesiris,  Pinea^ 
nigricans^  and  Pinaster^  all  yield  common  turpentine,  from  which  tur- 
pentine-oil, pine-resin,  colophony,  and  pitch  are  obtained.  Venetian 
turpentine  is  prepared  from  the  larch.  Abies  balsamea  and  canadensis 
of  North  America  yield  Canada-balsam  ;  Dammara  brientalis  from  the 
Moluccas,  and  D.  ansiralis  from  New  Zealand,  the  Dammar  resin  or 
kauri -gum.  Piniies  succinifer  is  one  of  the  extinct  sources  of  amber. 
The  starchy  and  oily  seeds  of  Pinus  Pinea  and  P.  Cembra  are  edible. 
Many  of  the  resins  and  volatile  oils  are  officinal.  [Principal  genera  :— 
Araucaria^  Dammara^  Pinus,  Larix,  Cedrus,  Picea,  Abies,  Sequoia, 
Cryptonieria^  Taxodium,  Frenela,  Callitris,  Libocedms,  TViuja,  Biota, 
Cupressus,  Juniperus,  Taxus,  Torreya,  Phyllocladus,  Salisburia, 
Cepkalolaxus,'] 

Order  3.  Gnetace^.  To  this  order  belong  only  three  genera,  of 
remarkably  different  habit.  The  various  species  of  Ephedra  are  shrubs 
destitute  of  foliage-leaves,  with  long  slender  cylindrical  green-barked 
branches ;  at  the  joints  of  the  stem  are  two  opposite  minute  leaves, 
which  grow  together  into  a  bidentate  sheath,  and  from  their  axils  spring 
the  lateral  branches.  In  Gnetum  the  leaves  are  also  opposite  on  the 
jointed  stem,  but  are  stalked,  and  have  a  broad  lanceolate  lamina. 
Welwitschia  mirabilis,  the  only  representative  of  the  third  genus,  never 
has  more  than  two  leaves,  but  these  are  of  immense  size,  and  are,  ap- 
parently, the  cotyledons. 

Class  XIII.    Monocotyledones. 

The  embryo  has  only  one  cotyledon.  The  perianth  is 
simple,  or,  when  double,  without  distinction  of  calyx  and 
coxoWdi^  and  the  prevakivt.  iwiicCcitx  o^  \\.^  ^^xts  is  three  or  six. 
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The  stem  in  its  young  state  is  always  provided  with  an 
epidermis,  the  cells  of  which  often  contain  silica,  as  in 
Grasses  and  Palms,  giving  the  surface  a  vitreous  appearance. 
The  simple  cortex  consists  of  polygonal  or  roundish  paren- 
chymatous cells,  among  which  are  sometimes  formed  strongly 
thickened  cubical  sclerenchymatous  cells,  prosenchymatous 
cells  and  bast-vessels.  When  very  young  the  cortex  is 
separated  from  the  subjacent  tissue  by  an  annular  layer  of 
formative  tissue,  or  cambium-sheath,  in  which  the  vascular 
bundles  are  formed ,  but  the  cambium  possesses  in  general 
only  a  limited  activity;  and  when  this  is  exhausted,  the  stem 
no  longer  continues  to  increase  in  diameter  at  that  spot ; 
the  cortical  parenchyma  then  passes  over  gradually  into  fun- 
damental tissue,  or  is  separated  from  it  by  the  lignified 
cambium-sheath  (Fig.  460  i,,  v.).  The  vascular  bundles 
stand  singly  in  the  fundamental  tissue  ;  and  as  they  con- 
tinue to  develope  in  the  tissue  in  which  they  lie,  they  do 
not  grow  in  a  vertical  direction,  but  turn  towards  the  pith  ; 
and  from  there,  again  bending  outwards,  pass  into  the 
leaves.  In  this  course  they  must  necessarily  cross  the 
cambium-sheath  \  and  at  the  place  where  this  happens  the 
bundle  branches,  one  branch  entering  the  leaf  through  the 
cortex,  the  other  taking  a  similar  course  to  the  next  older 
bundle.  When  a  number  of  bundles  have  been  formed  in 
this  manner,  every  bundle  which  bends  from  the  inner  to 
the  outer  portion  of  the  plant  must  cross  all  the  younger 
ones  in  succession  (Fig.  460  11.).  The  fibrovascular  bundles 
are  necessarily  closed,  in  contrast  to  the  open  bundles  of 
Dicotyledons  and  Gymnosperms.  The  term  Endogens  was 
previously  applied  to  Monocotyledons  [and  still  is  com- 
monly in  works  on  Descriptive  Botany],  because  it  was 
thought  that  the  vascular  bundles  originated  in  the  centre 
of  the  stem,  and  grew  outwardly  only  in  order  to  enter  the 
leaves  (see  Fig.  95,  p.  68). 

In  many  species  the  course  of  the  vascular  bundles  is 

z  2 
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essentially  different  from  this,  passing  through  the  separate 
intemodes  in  a  parallel  direction,  while  they  bend  irregularly 
and  branch  in  the  nodes.  This  occurs,  for  example,  in 
the  culms  of  Grasses,  and  may  be  compared  with  their 
course  in  Equisetacese  (see  p.  320).  The  pith  also  disappears 
at  a  very  early  period  in  these  cases,  from  rupture  and  desic- 
cation, and  probably  also  partly  from  resorption,  so  that 
the  stem  subsequently  becomes  hollow. 

The  separate  vascular  bundles  are  in  general  more  highly 
developed  than  in  the  classes  already  described  ;  but  their 
increase  in  thickness  is  limited,  and  soon  ceases.  The  xylem- 
portion  of  the  bundles  may  consist  of  prosenchyma,  vessels, 
and  parenchymatous  cells;  the  bast-portion  of  bast-fibres, 
sieve-tubes,  and  parenchymatous  cells,  with  which  aire  some- 
times associated  laticiferous  vessels.  The  prosenchymatous 
cells  are  sometimes  more,  sometimes  less  strongly  thickened, 
but  always  lignified,  and  have  a  smaller  number  of  scattered, 
slightly  bordered,  oval  pits;  sometimes  they  are  pointed 
at  the  ends,  forming  a  prosenchymatous  tissue,  and  re- 
semble elongated  parenchymatous  cells.  The  bast-fibres  are 
of  similar  structure,  but,  as  a  rule,  more  pointed.  The 
vessels  of  the  xylem- portion  are  annular,  spiral,  reticulated, 
or  pitted.  It  is  not  uncommon  also  to  find  single  vascular 
cells  not  united  with  others  into  true  vessels.  The  lateral 
walls  of  the  sieve-tubes  are  usually  horizontal,  and  provided 
with  sieve-discs ;  the  partition-walls,  on  the  contrary,  are 
mostly  smooth,  and  only  rarely,  when  united  in  growth  with 
similar  ones,  also  penetrated  by  sieve-pores,  thus  forming 
conducting  sieve-cells.  The  parenchymatous  cells,  both  of 
the  xylem-  and  of  the  bast-portion,  are  usually  elongated,  and 
hence  resemble  prosenchymatous  cells  ;  but  always  have  hori- 
zontal partition-walls,  and  are  either  not  at  all  lignified,  or,  at 
all  events,  less  so  than  the  prosenchymatous  cells.  The 
laticiferous  vessels  are  also  sometimes  found  outside  the 
vascular  bundle  ;  and  are  then,  when  they  contain  raT^hlck^^ 
and  belong  to  the  cortex,  caWed  uUvcxjXsct  n^^^^'s..    "Wv^-s:;^- 
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rahgement  of  these  separate  elements  of  the  vascular  bundles 
of  the  stem  is  in  general  as  follows  (see  Figs.  93,  94,  pp.  65, 
66).  At  their  inner  side  next  the  pith  is  a  bundle  of  prosen- 
chymatous  cells,  and  in  close  contact  with  this  are  the 
vessels  and  vascular  cells,  which  are  partly  surrounded  by, 
the  parenchymatous  cells  of  the  xylem,  partly  intermingled 
with  them.  Then  follows  an  easily  distinguished  thin-walled 
part  consisting  of  sieve-tubes,  conducting  sieve-cells,  and 
parenchymatous  cells  belonging  to  the  bast-portion  ;  and 
finally,  towards  the  cortex,  a  bundle  of  bast-fibres.  Some- 
times the  bundles  of  fibres  of  the  xylem  and  the  bast  coalesce 
laterally  with  one  another  by  means  of  narrower  or  broader 
groups  of  prosenchymatous  cells,  so  as  to  form  a  closed  ring 
surrounding  the  other  elements  of  the  vascular  bundle. 

The  root  of  Monocotyledons  has  an  epidermis  pro- 
vided with  numerous  root-hairs.  The  cortex  is  parenchy- 
matous, and  is  often  differentiated  into  an  outer  and  an 
inner  cortex.  It  is  frequently  separated  from  the  inner  por- 
tions by  a  sheath.  The  vascular  bundle  forms  a  closed 
hollow  cylinder  which  encloses  the  central  pith.  The  bast- 
cells,  which  are  usually  elliptical,  lie  between  the  radially 
placed  vessels  of  the  xylem.  The  xylem-  and  the  bast-portions 
of  the  vascular  bundle  are  separated  by  prosenchymatous 
cells.  The  bast-portion  consists  of  sieve-tubes  lying  within 
and  of  bast-parenchyma  pressed  outwards. 

The  leaves  are  penetrated  by  fibrovascular  bundles. 
When  several  enter  a  leaf,  they  may  first  unite  into  a  leaf- 
stalk, or  may  be  separated  in  their  entire  course,  as  occurs 
in  many  sessile  leaves,  like  those  of  Grasses.  The  xylem- 
portion  of  the  bundle  faces  the  upper,  the  bast-portion  the 
under  side  of  the  leaves.  The  skeleton  of  the  leaf,  formed 
of  the  vascular  bundles,  is  surrounded  by  the  parenchyma 
of  the  leaf.  This  parenchymatous  portion  or  mesophyll 
separates — ^independently  of  the  epidermis,  which  is  always 
present  and  is  provided  with  stomata  and  often  with  hairs — 
into  two  layers,  the  upper  \a.^^x  c.otv%v5X\\\% cil  c>5\\wix\cal^  the 
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under  of  rounder  cells ;   the  latter  being,  therefore,  of  a 
looser  texture  and  often  penetrated  by  wide  air-passages. 

[The  following  are  the  more  important  orders  of  Monocotyledons, 
arranged,  with  slight  variation,  according  to  Bentham  and  Hooker,  those 
of  less  importance,  and  even  one  or  two  of  the  cohorts,  being  omitted  : 

Division  I.    Flowers  glumaceous. 

Cohort  I.  Glumales.  Flowers  in  the  axils  of  scales  (glumes), 
which  are  arranged  in  spikelets  ;  perianth  absent,  or  consisting  of 
minute  scales  or  hairs  or  bristles  ;  stamens  one  to  three,  rarely  more  ; 
ovary  unilocular  with  one  ovule ;  fruit  a  caryopsis ;  endosperm  fleshy  or 
floury  ;  embryo  immersed  or  not.     Grasses  or  grass-like  herbs. 

Order  i,  Gramine.^.  Perianth  absent,  or  of  two,  rarely  three  or 
six  minute  oblique  scales  ;  anthers  versatile  ;  fruit  grooved  on  one  side ; 
embryo  outside  the  endosperm  on  one  side  of  its  base ;  stem  usually 
fistular,  terete;  leaf-sheaths  split  to  the  base.]  Herbs,  rarely,  as  in 
the  bamboo,  woody,  shrubby  plants ;  the  cylindrical,  usually  hollow, 
stem,  septated  at  the  nodes,  is  called  a  culm.  At  the  point  of  union 
of  the  divided  leaf-sheath  and  the  lamina—  which  is  always  entire  and 
parallel-veined — is  a  membranous  structure  [of  astipular  character],  the 
ligule  (Fig.  147,  p.  92).  The  flowers  are  hermaphrodite,  seldom  monoe- 
cious, as  in  the  maize,  and  are  usually  arranged  in  a  panicle  or  spike, 
which,  however,  bears  secondary  spikes  or  spikelets  instead  of  flowers. 
Each  of  these  spikelets  (Fig.  461)  consists  of  a  rachis,  on  which  are  placed 
the  small  inconspicuous  flowers,  concealed  among  closely  crowded  foliar 
structures.  The  two  lowermost  of  the  scale-like  bodies  usually  have 
no  flowers  in  their  axis,  and  thus  serve  as  a  common  envelope  for  the 
whole  spikelet,  and  are  termed  glumes.  The  flowers,  which  are  ar- 
ranged in  two  rows,  are  solitary  in  the  axils  of  the  next  scales ;  and 
since  each  flower  has  also  at  its  base  a  special  scale,  it  has  two  belong- 
ing to  it,  which  are  called  palece^  an  exterior  or  inferior,  and  an  in- 
terior or  superior  one.  The  inferior  pale  has  a  mid-rib,  which  is  often 
prolonged  at  the  apex  into  a  bristle,  projecting  from  the  back  of  the 
pale,  and  is  called  an  aivn  (Figs.  462,  463).  The  inner  pale  has  no 
midrib,  but  often  two  lateral  nerves,  and  is  hence  bidentate  at  the  apex. 
Within  the  paleae,  and  alternating  with  them,  are  two,  rarely,  as  in 
the  sugar-cane,  three  minute  scales,  the  lodiculesy  which  correspond  to 
the  perianth.  The  stamens  are  three,  rarely  two  (in  Anthoxanthum)^ 
or  six  (in  the  rice),  the  anthers  being  versatile  at  the  end  of  long  fila- 
ments (Fig.  270,  p.  138).  The  ovary  is  superior,  unilocular  and  with 
a  single  ovule,  and  usually  bears  two,  \t?&  olXea  ^xv  NaYdui\  ^^^^  ^'^ 


344  Structural  and  PhysiologUal  Botany. 

(in  the  tngar-cane)  three  stigmas.  The  fruit  has  a  diy  pericarp,  and  is 
an  indehiscent  iaryofiii,  the  seed  adboing  in  its  growth  to  the  peikarp 
and  often  to  the  palese.  The  embryo  is  small,  on  the  oatside  of  a 
Urge  flout;  endosperm,  and  is  enveloped  by  the  single  large  cotyledon. 
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which  is  called  the  scutdlum  (Fig.  461,  iv.) ;  [though  tlie  scutellum  is 
by  some  considered  an  outgrowth  of  the  axis].  The  Grasses  constitute 
one  of  the  largest  orders  in  the 
v^etable  kingdom,  and  are  uni- 
versally distributed,  but  form 
meadows  only  in  the  temperate 
zone.  Many  genera  are  culti- 
vated for  the  salie  of  the  nutri- 
ment contained  in  the  seed,  and 
form  our  cereal  crops.  Among 
these  are  wheat  Tritkum  vttl- 
gart,  spelt  T.  sptlta,  rye  Stcale 
ctreali,  barley  Hordeum  vulgare,  p,p 
hexaslichon,  and  other  species,  i"' 
various  species  of  oat  Avtna,  „{ 
millet  Faiiicum  miliacaim, 
maize  or  Indian  corn  Zta  Mais, 
rice  Otyza  salina,  and  Egyptian  millet  Sdrgkum  vulgare.  The  seeds 
of  many  species,  especially  wheat,  contain  gluten  (protein)  in  addition 
to  starch.  Sugar  occurs  in  the  stem  of  most  Grasses,  but  chiefly  in  the 
sugar-cane,  Sacchanim  ogicinarum.  Among  officinal  products  ore 
the  rhiiome  of  the  couch-grass,  TriiUam  repens.  Among  the  more 
serviceable  meadow-grasses  are  Anihaxanlhum  odoratum,  AUpaurus 
pratensis,  Phlcum  pratense,  AgrosHs  vulgaris,  Holcus  lanalus,  Avma 
fiavescins  and  pubescms,  Briza  media.  Pea  annua,  Irivialis,  and  pra- 
tensis,  Daclylis  glomirata,  Cyuesurus  crislalus,  Fesluca  Bvi«a,  pralensis, 
rubra,  and  elalior,  Bramus  moms,  and  Lolium  pertmu.  The  largest 
species  is  the  East  Indian  bamboo,  BaBibusa  artmdinatea  (F^.  464), 
30  to  60  feet  high.  [Important  genera :  — Andropogon,  Panicum, 
DigUaritt,  Setaria,  Zizania,  Orysa,  Anthexantkum,  Phalaris,  Zra, 
Coix,  Phleum,  Alopecurus,  Agroslis,  Milium,  Macrochloa,  Slipa,  Cal- 
amagostis,  Arundo,  Pkragmilts,  Ammophila,  Cynodoa,  Spariina,  Aira, 
ArrketKUherutn,  Avrna,  Holcus,  Pea,  Clyceria,  Briza,  Mdica,  Molinia, 
Daclylis,  Cynosurus,  Fesluca,  Bronms,  Bamlmsa,  Lolium,  Triticum, 
Elynius,  Nardus,  Hordenm,  Saale,  Sorghum,  Saccharuvi.  ] 

Order  2.  Cyperacea:.  Perianth  absent  or  consisting  of  bristles, 
rarely  scales,  or  of  a  sheathing  bract ;  anthers  basifixed;  fruit  compressed 
or  trigonous ;  embryo  at  the  base  of  endosperm ;  stem  usually  solid  and 
triangular ;  leaf-shealhs  entire.  Perennial  plants  of  grass-like  habit, 
often  with  creeping  underground  tuberous  rhizomes  (Fig.  465).  The 
aerial  portion  of  the  stem  is,  with  the  exception  of  the  inflQTC.«x.-&Ks,Mj:v 
branched,  unseptaled,  and  usually  tTiangiila.THiie\^N^iite.i».i.T^vKA, 
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with  a  sheathing  but  not  split  base,  and  no  ligule ;  the  tantina  is  parallel- 
veined,  and  often  tbreC'edged.      The  flowers  aie  airanged  in  spikes, 


panicles,  capilula,  or  cymes,  and  are  citUec  hermaphrodite  ot  diclinous, 
and  m  the  lattn  case  usoaWv,  as'™  Corn, -ft* to  " 
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pates  usually  occarring  '\a  cacli  flower  ;  and  then  tlie  inner  one  is  eitlier 
adiiereitt  to  the  rachis,  or,  as  in  Carex,  i<  transformed  into  a  sheathing 
bag  or  iilriile  enclosing  the  flower      The  , 

genera  with  hermaphrodite  flowers  are 
either  entirely  destitute  of  a  perianth,  as 
Cyperu!  (Fig.  466)  and  Cladiiim  or  it  is 
composed  of  bristles,  either  few  in  number, 
as  in  Scirpus  and  Rhynckospora,  or  in  lai^e 
numbers,  and  in  that  case  forming  a  tuft  of 
hairs  closely  resembling  cotton-«  ool  spnng 
ing  from  the  inllorescence,  as  in  the  cotton- 
grass,  Eiiophorum.  In  Carrx  the  male 
flower  consists  of  three  stamens,  the  female 
flower  of  a  tubular  envelope,  the  utncte, 
surrounding  the  free  ovary,  which  is  gene 
rally  unilocular  and  one-seeded,  but  with 
three  stigmas  (Fig.  467).  The  fruit  1 
caryopsis  ;  the  Small  embryo  is  surrounded 
by  the  floury  endosperm.  The  rhi7ome  of  mo.n'j  C'i?e:iM«3i' 
starch  and  gelaiioe;  and  that  of  Cyptrut  csculenlits  vo-w^o 


:r  of  Cyfnvt 
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of  food  in  the  South  of  Europe  ;  several  species  of  Carex  are  offi- 
cinal. Papyrus  anliquoruiu,  the  papyrus  of  Egypt  and  Sicily,  was  the 
first  material  used  as  paper.  [Principal  genera  : — Papyrus,  Cyptnis, 
ElfKharis,  Eriopkomm,  Siirpus,  Iseltpis,  ScAartut,  ClaJium,  Jlhynch^- 
spora,  Carex.'] 


Male  flower,  II.  f( 


Division  II.  Flowers petaloid.  Ovary  inferior  (v/itk  a  fewfr- 
captions).  Perianth  usually  distinct,  in  two  rows,  and  coloured. 

ICohort  II.  Amomaies.  Albumen  (perisperm)  floury  ;  embryo 
distinct ;  flower  usually  hermaphrodite  and  very  irregular  ;  perianth 
of  five  or  six  segments  ;  stamens  six,  one  or  five  with  anthers,  the  rest 
petaloid,  or  all  with  anthers  in  Bromeliaceas ;  ovary  usually  trilocnlar; 
fruit  a  berry  or  capsule.  Tropical  plants  with  large  stalked  leaves  with 
broad  lamina,  the  lateral  veins  at  right  angles  to  the  mid-rib.  The 
cohort  comprises  the  orders  Canttacea  ( Canna,  Maranta) ;  Zingiberacrx 
\Zingiber,Amomum,  Alpinid);  Musacia  [Masa,  Streli/iia);  Bromdiacix 
{Bromelia,   IVlatidsia). 

Cohort  in,  Orchidales.  Endosperm  absent  or  cellular;  embrjo 
very  obscure;  flower  hermaphrodite  and  very  irregular;  perianth  o) 
sii,  rarely  three,  segments  ;  stamens  one,  two,  or  three,  confluent  with 
the  style  (gynandtous) ;  fruit  a  capsule. 

Order  l.  OnCHlDEffi,  Stamens  one  or  two,  confluent  with  lie 
styU    and   stigma  ■,  '  oiai^   mhWowiUt,  iot^Vj  ^liincjiaa  -,  weis  very 
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minute.]     Our  native  orchids  have  a  tuberous  root  (Figs.   119,  120, 
p.  81),  and  an  annual  herbaceous  stem.     The  tropical  species,  on  the 
contrary,  have  often  a  perennial,  and  some  of  them  a  climbing  stem,  or 
peculiar  aerial  pseudo-bulbs.      The  amplexicaul  or  sheathing  leaves 
are  always  entire,  usually  lanceolate,  fleshy  or  succulent,  rarely  scale- 
like.    The  flowers  are  rarely  solitary,  usually  in  spikes,  racemes,  or 
panicles ;  and  the  superior  perianth  consists  of  two  whorls,  each  of  three 
leaves.     Of  these  the  inner  whorl  is  always  irregular,  and  often  has  a 
spurred  lip  or  labellum,  the  remaining  five  leaves  of  the  perianth  forming 
together  i\iQ  galea  or  helmet     The  stamens  are  united  with  the  style 
into  a  fleshy  column  or  gvnostegium,  upon  which  the  anthers  are  so 
placed  as  to  stand  above  the  stigma,  which  is  but  little  developed,  and 
consists  usually  of  a  large  viscid  surface.     Of  the  six  stamens  which  are 
probably  originally  present,  only  one,  less  often  two,  attain  perfect  de- 
velopment.   When  only  one  is  thus  developed,  it  is  always  opposite  the 
labellum  ;  but  when  two,  then  one  is  on  each  side  of  the  gynostegium. 
Only  a  few  Orchids  have  the  pollen-grains  perfectly  distinct ;  usually 
they  are  united  together  in  fours,  and  these  again  into  granular  masses  ; 
or  the  grains  are  combined  by  a  viscid  fluid  into  a  club-shaped  mass  or 
pollinium  within  each  anther-lobe  (Fig.  468,  v.).     The   two  poUinia 
terminate  at  their  lower  end  in  a  pedicel  consisting  of  the  dried-up 
viscid  substance,  connected  together  by  a  viscid  gland  or  rostellum  as  in 
the  bee-orchis,  or  distinct  as  in  Orchis  Morio,    Sometimes  the  rostellum 
is  concealed  in  a  fold  of  the  stigma.       The  fruit  is  a  capsule,  usually 
dehiscing  longitudinally.    The  numerous  very  small  exalbuminous  seeds 
are  usually  covered  with  a  reticulated  testa,  and  do  not  contain  any 
trace  of  a  cotyledon.     In  the  tubers  are  mucilage  and  starch  ;  Orchis 
Morio,  mascula,  militarise  and  other  species,  yield  salep.     The  fruits  of 
some  species  are  rich  in  aromatic  substances ;  the  officinal  vanilla  is 
obtained  from   Vanilla  aromatica^  planifolia,  and  perhaps  some  other 
species  from  tropical  America.    [Principal  genera  : — Dendrobium^-  Mas' 
devallia,  Mai  axis ^  Bolbophyllutn,  Cattleya^  Epidendrum^  Odontogfossumy 
Maxillaria,  Vanda,  Saccolabium^  Stanhopea^  Onddium^  Ly caste,  Angrce- 
cum,  Catasetum,  Orchis,  Serapias,  Aceras,  Satyrium,  Ophrys,  Platan- 
thera,    Gymnadenia,   Habenaria,    Limodorum,    Corysanthes,     Vanilla, 
Lister d,  Neottia,  Epipactis,  Spiranthes,  Cypripedtum.'\ 

[Cohort  IV.  Narcissales.  Flowers  hermaphrodite,  regular  or  ir. 
regular ;  perianth  usually  petaloid ;  stamens  three  or  six,  inserted  on 
the  perianth-tube  :  ovary  trilocular ;  seeds  with  copious  fleshy  or  homy 
endosperm,  and  a  distinct  embryo  ;  leaves  parallel -veined.  Principal 
orders  : — Iridece  {Gladiolus,  Iris,  Crocus,  Tigridia)  ;  Amaryllidece  {Gc^ 
lanthus.  Narcissus,  Crinum,  Pancratium^  AmQ.r^\i\%^  Leucojum^  A^a-u^^* 


r  pedice        n     d  bif    \ 
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Cohort  V.  DIOSCORALES.  Flowers  dioecious,  regular;  perianth  herba- 
ceous ;  stamens  six,  inserted  at  the  base  of  the  perianth -segments  ; 
ovary  trilocular  ;  fruit  a  berry  or  capsule ;  seeds  with  copious  fleshy 
endosperm,  and  a  distinct  included  embryo.  Climbing  herbs  or  small 
shrubs,  with  netted -veined  leaves.  Oxdtr  Dioscoreacea  {Dtoscoreat  TamuSj 
Testudinarid), 

Division  III.    Flowers petaloid.     Ovary  superior. 

Cohort  VI.  POTAMALES.  Ovary  apocarpous  (rarely  reduced  to  one 
carpel);  flowers  hermaphrodite  or  unisexual ;  perianth  of  three,  four, 
or  six  segments,  or  absent ;  stamens  one  to  six ;  seeds  exalbuminous  ; 
embryo  conspicuous.  Usually  water-plants.  Principal  orders  : — 
ButonmcecB  {Butofnus)  ;  Alismacea  (A/isma,  Sagittaria)  ;  Potaniece 
{Potamogeton);  Naiadea  {Zostera,  Naias), 

Cohort  VII.  Palmales.  Ovary  syncarpous  (rarely  apocarpous); 
flowers  unisexual,  arranged  on  a  simple  or  branched  spadix,  enclosed 
in  a  spathe  or  not ;  perianth  of  distinct  bi-seriate  coriaceous  segments, 
green,  rarely  coloured  or  absent ;  fruit  a  one-  rarely  two-seeded  drupe 
or  berry;  seed  albuminous.  Shrubs  or  trees  with  flabellate  or  pinnately 
divided,  rarely  simple  leaves. 

Order  I.  Palm>e.     Flowers  usually  diclinous  on  a  branched  spadix; 
perianth  green  ;  staipens  usually  six,  hypogynous  or  perigynous  ;  ovary 
tri-  rarely  uni-locular,  or  of  three  separate  carpels  ;  styles  short,  free  or 
connate ;   loculi  with  one,  rarely  two,   ovules ;    seed  large  ;    embryo 
minute,  sunk  in  a  pit  of  the  fleshy  or  homy  endosperm.     Trees  or 
shrubs.]    Although  the  Palms  appear  to  belong  to  the  more  highly 
developed  Monocotyledons  from  their  stately  arborescent  stems  and  their 
large  leaves,  the  insignificance  of  their  flowers  reminds 
one  of  the  lower  families,   and  the  habit  of  many 
species  even  of  the  Grasses ;  while  the  structure  of  the 
flower  and   inflorescence  allies  them  to  the  Arales 
(Figs.  469,  470,  471).     The  stem  is  usually  simple, 
rarely  dichotomously  branched,  as  in  the  doom-palm, 
generally  erect,  sometimes  climbing,  as  in  the  rattan, 
and  commonly  bears  a  crown  of  leaves  only  at  its 
summit.        The    leaves,     often    called    fronds,    are  Fig.  ^69.  — Flower 
fan-shaped  in  the  fan-palms,  pinnate  in  the  feather-     dwarf^-""?fm" 
palms,  rarely  undivided.     The  flowers  are  placed  on     Chamarops    hu- 
a  simple  or  branched  rachis,  which  is  surrounded  in     **'*^"' 
vernation  by  a  common  envelope  or  spathe ;  they  are  originally  perfect, 
but  almost  always  becomie,  in  the  course  of  development,  d\.cUxNsyas»  <25^ 
polygamous  from  the  abortion  of  stamei\s  ox  v'^XW^.    '^^^  ^vf.^^^^KC^- 
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arcs  are  in  two  whorls.    The  stamois,  thit^  six,  or  moie  in 
-e  adheient  lo  the  pemitlh-segmenu.   The  superior  ovarjis  d 


ntted  carpels,  or  trilocular  and  apocarpous^ 
twos  1  im^t  Q-rit,  •wVuJo.vi  ^eaenUy  end 
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and  orthotropous;  but  Itvo  of  the  ovules  usually  disappear  before  matur- 
ing into  seeds.     The  fruit  is  a  one-  or  three^seeded  drupe  or  berry,  the 


seed   consisting  of  a  minute   einbtyo  buried  in  i  n«c^   W^  a\"^  ■a 

hoiny  endosperm,  which  is  at  first  inWVf >  aftevwMia  mKA,  woft.  O; 

A  A. 
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hollow.  The  embryo  lies  in  a  hollow  in  the  periphery  of  the  endo- 
sperm (see  Fig.  305,  p.  148),  and  is  covered  by  a  thin  layer  of  the 
latter  like  a  lid.  There  are  about  three  hundred  species  of  palms, 
nearly  all  tropical.  The  only  native  European  species  is  the  dwarf- 
palm,  Chamterops  humilis  (Fig.  469),  which  is  found  as  far  as  45°  north 
latitude.  The  uses  of  palms  are  innumerable.  The  inhabitants  of 
entire  territories  live  on  the  fruits  of  some  kinds,  as  the  date-palm, 
Phoenix  dactyliferOy  in  India,  Arabia,  Persia,  and  Egypt,  and  the  cocoa- 
nut  palm,  Cocos  nuciferay  in  all  tropical  countries.  The  stems  of  some 
species,  as  Sagus  Rumphiiy  Corypha  umhraculiferaf  and  Borassus 
flabelliformisy  contain  a  starch  known  in  commerce  as  sago.  The  leaf- 
buds  of  Areca  oleraceay  Cocos  nuciferay  &c.,  are  eaten  as  vegetables; 
and  the  sap  which  flows  from  the  punctured  leaf-buds  and  stems  is 
fermented,  and  yields  palm-wine.  Arenga  saccharifera  from  the 
Moluccas,  and  Cocos  nuciferay  yield  palm-sugar ;  Copernica  cerifera 
palm-wax  ;  and  the  oily  endosperm  of  many  palm- seeds,  especially  of 
the  West  African  Elaeis  guineensisy  is  used  in  the  production  of  palm- 
oil.  The  endosperm  of  species  of  Phyielephas  is  known  in  commerce 
under  the  name  *  vegetable  ivory."  Palm-bast  is  obtained  from  many 
kinds  ;  that  of  the  leaf-sheath  of  Attalea  funifera  of  Brazil  bears  the 
special  name  *piassava.*  The  young  pinnate  leaves  of  many  palms 
are  manufactured  into  textile  fabrics,  hats  {Carludwica  palmata  fur- 
nishes the  Panama-hats),  and  mats;  and  the  stems  are  made  into 
canes.  [Principal  geneca  : — Chamcedorea,  Areca,  Arenga,  Oreodoxa, 
CeroxyloHy  Caryota,  Calamus,  Sagus,  Borassus,  Copernicia^  Rhapis, 
Chamcerops,  Sabal,  Phcenix,  Cocos,  Elaeis,  yubcea,  Livistonia. 

Cohort  VIII.  Arales.  Ovary  syncarpous  ;  flowers  hermaphrodite 
or  unisexual,  arranged  in  a  spadix  or  spike,  with  or  without  a  spathe, 
or  sunk  in  pits  of  a  minute  scale-like  frond  ;  perianth  of  distinct  pieces, 
white  or  green,  or  of  minute  scales,  or  absent ;  fruit  a  drupe  or  berry 
with  (Mie,  few,  or  many  small  albuminous  seeds.  Herbs,  often  very 
large,  rarely  trees ;  leaves  simple  or  pinnatifid,  very  rarely  pinnately 
divided,  sometimes  netted-veined. 

Order  I.  AROiDEiE.  Flowers  hermaphrodite  or  diclinous,  incylin- 
dric  or  oblong spadices,  enclbsedin  a  green,  white,  or  coloured  spathe; 
perianth  absent,  or  of  from  four  to  eight  scales  ;  stamens  few  or  many, 
anthers  sessile  or  on  very  short  filaments,  extrorse  or  op>ening  by  pores ; 
ovaries  aggregated  in  from  one  to  four  loculi;  styles  distinct  or  absent; 
ovules  one  or  more,  basal  or  parietal ;  berry  one-  or  more-seeded  ;  seeds 
minute ;  endosperm  fleshy  or  floury  or  absent.  Herbs,  stemless  or  with 
erect  or  scandent  stems ;  leaves  usually  large,  simple  or  pinnatihd, 
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usually  net-veined.    Principal  genera  \^Acorus^  Orentium^  Anikurium^ 
PothoSf  Calla,  Richardia^  Colocasia,  Caladium,  Arum. 

To  this  cohort  belong  stlso  Pandanacece  (Pandanus),  and  several  other 
less  important  orders. 

Cohort  IX.  Ltltales.  Ovary  syncarpous ;  flowers  hermaphrodite, 
very  rarely  unisexual,  solitary  or  in  spikes,  racemes,  or  panicles, 
rarely  capitate ;  perianth  of  six  (very  rarely  four)  nearly  similar  pieces, 
or  gamopetalous  and  six^obed,  regular  (rarely  irregular),  usually  all 
coloured  and  petaloid  (sometimes  coriaceous  or  subglumaceous) ;  embryo 
immersed  in  a  copious  endosperm  (not  external  to  nor  in  a  lateral  cavity). 

Order  \.  LiLiACEiE.  Stamens  six,  hypogynous  or  perigynous ; 
anthers  usually  introrse  ;  ovary  tri-locular,  ovules  usually  many  in 
each  loculus  ;  style  entire  ;  fruit  a  capsule  ;  seed  glabrous,  vnth  a 
membranous  or  crustaceous  testa  ;  endosperm  fleshy.  Stemless  herbs 
or  shrubs  with  a  simple  or  branched  trunk ;  root  fascicle^  or  stem 
bulbous.  Principal  genera: — Tulipa^  Yucca^  Fritillariay  Lilium,  Gagea^ 
AgapanihiiSy  Phormium,  Hemerocallis,  Aloe,  Sdlla,  Allium,  Hyacinthus, 
Orinthogalum,  Funkia,  Asphodelus."]  Among  useful  and  medicinal 
species  are  the  Alo^  socotrina,  the  Scilla  or  squill,  the  various  species  of 
Allium  which  yield  the  onion,  leek,  garlick,  &c.,  the  Asparagus,  [Dra- 
carta  or  dragon's  blood],  and  Phormium  tenax  or  New  Zealand  flax. 

[Mr.  Bentham,  in  a  paper  read  before  the  Linnean  Society,  and  only 
just  published,  arranges  the  monocotyledonous  orders  in  four  series, 
viz. : — I.  Epigyn^.  Flowers  with  a  double,  usually  petaloid,  perianth ; 
ovary  usually  inferior,  syncarpous.  2.  Coronarie^.  Flowers  with 
a  double,  usually  petaloid,  perianth ;  ovary  superior,  almost  always 
syncarpous.  3.  Nudiflor-<e.  Flowers  usually  achlamydeous,  or  with 
a  dry  scarious  perianth  ;  ovary  mostly  apocarpous.  4.  Glu MALES. 
Perianth  replaced  by  membranous  scales  (pales  or  lodicules);  ovary 
always  uniovular.     The  orders  are  arranged  thus  in  the  four  series  : — 


I.    EpIGYN^.  II.    CORONARIEiE. 

Hydrocharidea;.  Roxburghiaceae. 

Scitamineae   (including  Musacese,  Liliaceae     (including     Smilaceoe, 
Orchideae.                               [&€.).  Melanthaceae,  &c.). 

Burmanniacese.  Pontederiacese. 

Irideae.  Philydraceae. 

Amaryllideae    (including    Haemo-  Xyrideae. 

Taccaceae.  [doraceae).  Commelynaceae. 

Dioscorideae.  Junceac. 

Bromeliaceoe  (?).  PaVmaa. 

KK7, 
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III. 

NUDIFLORiE. 

IV.  Glum  ALES 

Pandanese. 

Eriocauleae. 

Aroideae. 

Centrolepidese. 

Typhacete. 

Restiaceae. 

Lemnaceae. 

Cyperaceae. 

Naiades  (including  Juncagineae). 

Gramineae. 

Alismaceae 

(?). 

Ed.] 

Class  XIV.     Dicotyledones. 

Dicotyledons  are  distinguished  from  Monocotyledons 
by  the  embryo  having  two  cotyledons,  by  the  structure  of 
the  stem,  and  by  the  prevalent  number  of  parts  in  the  floral 
whorls  being  [4  or]  5. 

The  stem  consists,  as  a  rule,  of  four  parts,  strongly  dif- 
ferentiated from  one  another, — Epidermis,  Cortex,  Fibro- 
vascular  Bundles,  and  Fundamental  Tissue. 

A  well -developed  epidermis  provided  with  stomata  and 
often  with  subsidiary  organs,  entirely  covers  the  younger 
parts.  Earlier  or  later,  often  even  in  the  first  year,  it  is 
thrown  off  by  the  formation  beneath  it  of  a  corky  tissue,  that 
part  of  the  plant  then  losing  its  green  colour. 

The  cortical  tissue  is  very  commonly  separated  into  two 
portions,  an  outer  and  an  inner  cortex.  At  an  early  period 
in  its  development  bast-fibres,  bast-vessels,  and  laticiferous 
vessels  are  generally  distributed  through  it,  in  addition  to 
the  parenchymatous  tissue  which  is  always  present ;  the 
vessels  containing,  according  to  circumstances,  chlorophyll, 
starch,  crystals,  tannin,  latex,  oil,  resin,  &c.  In  the  course 
of  its  growth  the  cortex  undergoes  peculiar  changes,  with 
which  we  are  not  yet  thoroughly  acquainted,  especially 
in  the  case  of  perennial  plants.  It  is  at  first  greatly 
stretched  from  within  by  the  tissue  formed  beneath  it,  and 
finally  split.  The  crevices  and  wounds  thus  formed  are 
partly  filled  up  by  the  new  cells  of  the  bast-portion  of  the 
vascular  bundles  axvd  \\vo^e  o\\}c\^  vcv\.^^x^^^\^\sl  tksue^  partly 
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covered  up  by  the  cork-tissue.  The  cortex  very  commonly 
exhibits  also  crevices  and  furrows  on  the  outside,  and  is  often 
partially  thrown  oft  in  the  form  of  bark.  The  portions  of  the 
cortex  which  are  fresh  formed  every  year  are  collectively  dis- 
tinguished as  secondary  cortex^  in  contradistinction  to  the  layer 
oi primary  cortex  already  formed  in  the  growing  point.  No 
new  elements  are  formed  in  the  primary  cortex ;  while  the 
secondary  consists  of  the  bast-portion  of  the  vascular  bundles 
and  of  intermediate  tissue. 

With  the  exception  of  a  few  abnormal  cases,  the  fibro- 
vascular  bundles  either  lie,  as  in  Monocotyledons,  isolated 
in  the  fundamental  tissue  (Fig.  472  a),  or  constitute  a  hollow 
cylinder  traversed  by  narrower  intermediate  striations,  the 
niedidlary  rays  (Fig.  95,  11.  p.  68).      They  are  developed  in 
the  neighbourhood    of  the  growing  point,  and  either  out 
of  isolated   cambium-bundles,    or   out   of  separate    parts 
of  a  closed  cambium-  or  thickening-ring  (Fig.  472,  b;  see 
also  p.  64).     There  is  thus  formed  on  the  inner  side  of  each 
vascular  bundle  a  xyletn-portion^  on  the  outer  side  a  bast-  or 
phloan-portion,  these  two   parts  remaining  separated  from 
one  another  by  the  thin-walled  formative  tissue.     The  mode 
of  the  further  development  of  the  vascular  bundles  has  not 
yet  been  fuUy  determined  ;  because  it  is  scarcely  possible  to 
observe  the  first  formation  of  the  cambion-bundle  in  the 
growing  point,  or  in  seedlings,  the  investigation  of  which 
could  alone  give  the  clue.     It  is  therefore  not  yet  accu- 
rately known  whether  the   leaves  are  penetrated  by  rami- 
fications of  the  vascular  bundles  of  the  stem,  or  whether 
they  form  bundles  of  their  own  which  unite  with  the  cauline 
bundles  (those  of  the  stem).     The  latter  view  seems  to  be 
supported  by  the  fact  that  in  a  large  number  of  cases  fully  / 
developed  bundles  arise  first  at  the  apex  of  the  leaf,  their 
further  development  advancing  thence  downwards  towards 
the   base.      It  is,  nevertheless,  not  improbable,  from   the 
regularity  of  their  growth,  that  this  latter  develoi^raetvt  ^<. 
the  vascular  bundles  follows  t\vose  ca\c^\>Mxv-^^x\s\^  -^^kss^ 


3S8  Structural  and  Physiological  Botany, 


dermis;  c  outer  cone*  (mWendv^imaS  ■.  smwi' omw,  v  nngot  lignifisd  c«Ui! 
r  parenchym*  of  the  «em ;  g  vmcuW  bani\e  >,■«.  e«v 


onthnnieh  a  young  inrrmcid  of  BffAiaerfaflrsea/eai 

■sculu  bundlt ;  c'"tamVram  nS  I'M  "*>'^«*"*j^3^ 
rtion  of  Ihe  vaxatax  bun«=  ■.  i  ^V«,>>»».  tanwA^ioia. 
I  medullary  lav '.  »  P*-^  *-"  '">■ 
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branched  off  from  the  stem  together  with  the  leaves  at  the 
time  when  the  latter  first  began  to  be  formed.  The  circum- 
stance that  branches  of  the  vascular  bundles  which  pass  from 
the  stem  into  the  leaves— the  so-called  leaf-traces — do  not 
bend  into  the  leaf  immediately  that  they  branch  ofT,  but 
oilen  remain  as  a  separate  bundle  running  through  a  con- 
siderable length  of  the  stem,  causes  the  appearance  of  the 
vascular-bun  die -system  to  be  often  very  complicated,  es- 
pecially when  several  leaf-traces  which  have  branched  off 
from  different  cauline  bundles  enter  the  same  leaf. 

In  Fig.  473  we  hive  a  diflgrammatic  representalioo,  after  Nageli, 
□f  the  course  uf  the  vascular  bundle  through  twenty-two  inteniodes  of 
Ihe  apex  of  the  stem  of  Ibttit 
amara.  Each  of  the  leaves 
has  a'  vascular  bundle,  the 
leaf  -  traces  of  which  are 
drawn  as  &r  as  the  points 
of  atlacbmenl  of  the  leaves. 
The  intemodes  are  separated 
by  the  horizonlal  lines.  Each 
leaf-trace  appears,  therefore, 

lion,  to  run  as  a  separate 
bundle  throtigh  ten  or  eleven 
inlemodes,  and  invariably 
unites  with  the  bundle  from 
i  the  fifth  leaf  below;  thus  the 
■  fifihwilhthetenth,  the  tenth 
with  the  fifteenth,  &c  H 
transverse  sections  are  made 
through  the  intemodes,  the 
number  of  vascular  bundles 
which  will  be  found  expensed 
:  on  each  section  is  indicated 
'  by  the  number  given  on  the 
left-hand  side  of  the  figure. 
In  the  leaf-trace  of  the  twenty-second  leaf  are  found  fully  developed 
vessels,  the  probable  subset^nent  cotuse  of  which  is  indicated  by  the 
dotted  line. 

The  course  of  the  \asca^3I\l^m$^eVl5.■MA,\^Q■^^s,^«,^^^«■MJa 
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so  simple  as  in  these  cases ;  for  although  the  bundles  of  most 
Dicotyledons  run  in  a  vertical  direction,  they  nevertheless 
occasionally  unite,  and  form  combinations  which  are  often 
rendered  yet  more  complicated  by  new  separations.  In  the 
Labiatae,  Umbelliferse,  Balsaminese,  and  many  other  her- 
baceous plants  with  jointed  stems,  the  vascular  bundles  are 
arranged  in  a  circle,  and  all  run  in  a  parallel  direction 
through  the  internode.  In  the  node,  however,  they  branch, 
and  are  here  united  with  the  vascular  bundles  of  the  leaves, 
as  we  have  seen  to  be  the  case  with  Grasses  (see  p.  341). 

The  vascular  bundles  always  become  closer  as  they 
descend  in  the  stem,  the  separate  bundles  approaching 
nearer  and  nearer  to  one  another  through  increase  in  their 
thickness,  often  coalescing  into  a  ring  which  is  interrupted 
only  by  narrow  medullary  rays  (Fig.  95,  11.  p.  68).  The 
development  of  the  vascular  cells  or  vessels  then  always 
begins  on  the  inside  of  the  cambium-bundles,  and  advances 
thence  outwardly  with  centrifugal  growth,  so  as  to  render 
possible  a  smaller  or  larger  development  of  pith. 

It  will  be  seen  from  this  description  that  there  is  no  dif- 
ference between  the  mode  of  growth  of  annual  and  perennial 
Dicotyledohs,  when  young  plants  of  the  latter  are  examined, 
or  shoots  still  in  their  first  year  of  growth.  After  this,  growth 
ceases  in  annual  plants;  while  in  those  that  are  perennial 
further  changes,  which  will  be  afterwards  referred  to,  take 
place  in  the  spring,  when  vegetation  wakes  from  its  winter-rest. 

With  reference  to  the  composition  of  the  vascular 
bundles,  a  distinction  must  be  drawn  between  herbaceous 
and  woody  plants.  In  herbaceous  plants  they  are  separated 
by  layers  of  an  intermediate  tissue  of  more  or  less  con- 
siderable thickness,  so  that  they  either  lie  isolated  in  the 
tissue  of  the  stem,  or  form  a  ring  which  is  only  inter- 
rupted by  narrower  intervals  of  intermediate  tissue  (Fig. 
472).  This  intermediate  tissue,  a  part  of  the  fundamental 
tissue,  is  often  composed  of  cells  which  are  narroNK^x.  -^^^^ 
otherwise  of  different  form  from  l\vos^  ol  \}s\"^  ^YN^^axA.^^^st^^^-* 
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and  it  then  constitutes  the  medullary  rays.  The  Tascnkr 
bundles  grow  for  some  time  by  means  of  the  cambium  which 
lies  between  their  xylem-  and  bast-portion.  The  xylem- 
portion  consists  of  elongated  wood-cells,  which  sometimes 
resemble  an  elongated  parench3rmatous,  sometimes  a  fusiform 
prosenchymatous  tissue,  and  in  addition  of  vessels  and  a 
thin-walled  parenchyma  that  is  but  little  or  not  at  all  ligni- 
fied ;  while  the  bast-portion  contains  on  its  outer  side  a 
bundle  or  crescent  of  bast-fibres,  which  sometimes  consist 
of  true  prosenchymatous,  sometimes  of  elongated  paren- 
chymatous cells.  In  contact  with  it  on  the  inside  are  thin- 
walled  sieve-tubes  and  elongated  parench3n3iatous  cells.  In 
many  plants  bast-cells  are  also  formed  next  the  pith  on  the 
axial  side  of  the  vascular  bundle ;  in  others  laticiferous 
vessels  also  occur,  usually  in  the  bast-portion  of  the  vascular 
bundle,  but  also  in  the  cortex. 

The  vascular  bundles  of  woody  dicotyledonous  plants 
have,  at  the  end  of  their  first  year  of  growth,  the  structure 
already  described,  but  are  already  distinguished  by  the 
regularity  of  their  bast-bundles,  as  well  as  by  possessing  ves- 
sels dispersed  through  the  xylem.  The  stems  of  many  tropical 
trees  in  which  the  growth  is  never  subject  to  intermis- 
sion, as  the  cocoa-  and  coflfee-bush,  remain  in  this  condition, 
and  only  gradually  increase  in  diameter  by  the  formation  of 
portions  of  the  vascular  bundles  exactly  resembling  those 
already  in  existence.  But  in  those  tropical  trees  and  shrubs 
which  cast  their  leaves  periodically  and  have  closed  buds,  like 
the  bread-fruit  tree,  the  activity  of  the  thickening-ring  is 
renewed  afresh  on  the  recurrence  of  the  active  period  of 
vegetation,  as  in  our  deciduous  trees  ;  and  fresh  medullary 
rays  and  new  xylem-  and  bast-portions  of  the  vascular 
bundles  are  formed  in  exact  continuation  of  the  similar  parts 
already  in  existence.  This  process  is  repeated  ever>-  year, 
a  new  layer  of  cells  being  annually  separated  on  each  side  of 
the  thickening-ring,  which  may  even  be  recognised  at  a  later 
period  as  a  sharply  defvxv^d  annual  ring  ^\%.  ^^^w.^^,  ^8). 
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There  may  be  several  reasons  for  this  sharp  definition  of  the  separate 
annual  rings.  It  is  possible  that  the  cells  formed  in  the  sprmg,  those 
of  the  spring- wood,  are  larger  than  those  of  the  autumn-wood  (see  Fig. 
479>  P-  373);  or  their  walls  may  be  thinner,  or  the  cells  otherwise  of 
a  different  kind;  and  the  abundance  and  size  of  the  vessels  in  the  spring- 
wood  must  also  be  taken  into  account.  ■  The  structure  of  the  root  cor- 
responds to  that  of  the  stem  in  the  presence  or  absence  of  annual  rings. 
The  separate  annual  rings  are  not  always  of  a  uniform  thickness,  but 
are  often  more  strongly  developed  on  one  side  than  on  the  other. 
From  these  facts  it  is  possible  to  form  an  idea  of  the  life  of  the  tree 
during  each  year  of  its  growth.  Its  age  is  estimated  from  the  number 
of  these  rings  ;  from  their  breadth  it  is  known  what  years  were  favour- 
able, and  what  unfavourable  to  its  growth ;  and  some  knowledge  can 
even  be  attained  respecting  the  growth  of  the  roots,  since  the  growth  of 
any  side  of  the  stem  is  known  to  correspond  nearly  to  the  development 
of  the  roots  that  branch  out  on  that  side. 

Sometimes  even  in  the  earliest,  but  always  in  the  later  years, 
the  vascular  bundles  become  penetrated  in  a  fanlike  manner 
by  new  parenchymatous  cells  formed  inside  them  and  arranged 
in  bands,  the  secondary  medullary  rays.  Those  cambium- 
cells  which  were  at  one  time  called  cells  of  the  medullary 
rays,  always  produce  only  the  same  kind  of  cells ;  so  that  the 
secondary  medullary  rays,  when  seen  in  transverse  section, 
always  reach  to  the  thickening-ring  ;  but  they  never  get  as 
far  as  the  pith.  The  breadth  of  these  rays  varies  in  different 
plants  ;  in  some  species  they  are  one  cell,  in  others  several 
cells  wide ;  broad  and  narrow  bands  sometimes  alternate  with 
one  another ;  but  they  never  penetrate  through  the  whole 
length  of  the  plant,  as  can  be  easily  seen  on  tangential  sec- 
tions (Fig.  474).  Both  the  primary  and  secondary  medullary 
rays  are  generally  easily  recognised  by  the  naked  eye,  and 
form  the  pattern  on  the  wood  ordinarily  known  as  the 
'  silver  grain.'  They  consist  of  parenchymatous  cells  usually 
elongated  in  the  radial  direction  (see  Figs.  474,  475). 

Both  the  xylem-  and  the  bast-portion  of  the  vascular 
bundles  of  the  stem  of  Dicotyledons  consist — with  the 
exception  of  the  fundamental  tissue  of  tKe  \xs&<is5JiNax^ 
rays — of  elements    which  may   b^    axi^Xi^<b^  *\x>X<:k   ^Cica^^ 
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groups  :— prosenchyma,   parench>-ma,  and   vessels.      TTie 
prosenchjmatous  cells  of  the  xjlem — which  are  also  called 


wood-cells,  wood- fibres,  simple  bast-like  wood-fibres,  or 
iibriform  fibres^ — are  aA.'wa.-js  fasiform,  comparatively  strongly 
thickened  andtgta&cd,MEi\)i3ii€t\e.i,asA,^».v;isL^^-anjjahed 
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wilh  extremely  small  bordered  pits  (Fig.  14,  p.  13),  Even 
when  the  latter  are  larger,  they  differ  in  size  and  form  from 
those  of  the  vessels  which  occur  along  with  them.    The 


wood-cells  of  the  inner  spring-wood  are,  as  a  rule,  much  less 
strongly  thickened  than  those  of  the  outer  autnTOa.-'wci'ii. 
(Fig.  479, p.  373).  Thereisnowherefoviui'vftftv^'W'^'Q^-'^^^'^ 
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any  stronglj  developed  spiral  thickening,  nor  usualfy  evoi 
the  spiral  striation  already  mentioned  (p.  16).  In  the  winter, 
especially  when  vegetation  is  dormant,  thej  usually  contain 
starch.  It  is  comparatively  rare  for  the  wood-cells  to 
become  septated,  when  their  thickening-layers  are  nearly 
completely  formed,  by  one,  still  more  rare  by  several  parti- 
tion-walls, into  daughter-cells,  which  are  then  enclosed  by  the 
thick-walled  wood-cells,  and  are  termed  stptated  vwod-cdh. 
They  rarely  possess  pits ;  and,  when  present,  they  are  deft- 
shaped,  and  placed  obliquely  in  a  spiral  running  to  the  left. 
In  the  winter  they  usually  contain  a  small  quantity  of  starch. 

The  parenchymatous  cells  of  the  xylem,  which  are  scarcely 
ever  wanting  in  woody  Dicotyledons,  are  distinguished  from 
the  other  elements  of  the  vascular  bundles  by  their  walls 
being  less  strongly  thickened,  by  their  having  pits  which 
are  always  closed  and  never  bordered,  and  by  the  absence 
of  any  spiral  thickening.  They  may  be  formed  in  three 
different  ways : — by  direct  growth  from  a  cambium-cell,  or  as 
a  daughter-cell  either  in  a  cambium-  or  in  a  young  prosen- 
ch}'raatous  cell.  In  the  first  case  they  are  isolated  ;  in  the 
two  latter  cases  they  are  still  enclosed  within  the  walls 
of  their  parent-cells.  These  cells  also  usually  contain  starch 
in  winter. 

The  vessels  of  the  xylem  have  usually  bordered  pits. 
In  the  early  condition  of  the  vascular  bundles,  annular, 
spiral,  and  reticulated  vessels  are  found  only  near  the  pith, 
in  the  medullary  sheath ;  the  younger  parts,  on  the  con- 
trary, contain  nothing  but  pitted  vessels.  The  partition- 
walls  of  the  separate  vascular  cells  are  either  horizontal  or 
oblique,  and  scalariform  or  penetrated  by  pits,  /.^.  by  a 
round  orifice.  A  scalariform  perforation  has  at  present  only 
been  observed  in  pitted  and  reticulated,  but  not  in  spiral  or 
annular  vessels.  When  the  walls  of  the  vessels  are  not 
spirally  thickened,  the  pits  are  most  numerous  on  the  side 
where  the  vessel  borders  other  vessels  or  thin- walled  wood- 
ceJis.     At  these  spots  V\v^  \>o\^^\^  ol  \!cvfc  ^\ts  are  also  the 


special  Morphology  and  Classification,        367 

largest,  and  the  pits  themselves  always  open;  in  other 
cases  they  are  always  closed  When  the  walls  of  the  vessels 
are  also  thickened  spirally,  as  is  the  case  in  the  so-called 
tracheides  (Fig.  35,  p.  20),  this  thickening  sometimes  dis- 
appears at  those  parts  of  the  vessels  which  adjoin  the  xylem- 
parenchyma  or  medullary  rays;  but  remains,  the  pits 
diminishing  greatly  in  number  or  altogether  disappearing, 
when  the  tracheides  are  surrounded  by  strongly  thickened 
wood-cells.  As  regards  the  size  or  diameter  of  the  vessels, 
those  of  the  first  annual  ring  are  narrower  than  the  succeed- 
ing ones  ;  and  this  is  especially  the  case  in  the  large  vessels 
of  the  spring-wood.  In  the  oak,  for  example,  the  vessels  do 
not  attain  their  full  size  before  the  sixth  and  succeeding 
rings.  The  vessels  become  Hgnified  at  an  early  period,  and 
are  then  filled  with  air ;  it  is  only  when  young  that  they 
contain  sap.  When,  in  a  few  cases,  substances  of  the  nature 
of  gum,  resin,  or  latex  occur  in  them,  as  in  the  cherry,  these 
have  passed  over  into  them  from  adjoining  elements  of  the 
tissue,  but  have  not  been  formed  in  them. 

The  whole  of  the  elements  of  the  xylem  need  not  be 
present.  With  regard  to  their  relative  position,  the  separate 
elements  are  arranged  in  rows  or  groups,  or  irregularly 
without  any  definite  arrangement ;  but  even  then  they  are 
distributed  in  such  a  characteristic  manner  that  anyone  with 
experience  can  determine  from  a  small  fragment  of  wood 
the  genus,  or  not  unfrequently  even  the  species,  from  which 
it  was  taken  (Fig.  475).  The  inner  portion  of  the  wood,  the 
cells  of  which  have  become  firmer  and  stronger  from  their 
walls  having  undergone  lignification  for  ^  longer  period,  is 
called  the  duramen^  in  contradistinction  to  the  alburnum^ 
•or  younger  layers,  the  w^alls  of  which  are  less  thickened  and 
lignified,  and  which  still  contain  sap.  When  a  very  irre- 
gular or  twisted  course  of  the  separate  elements  of  the  wood 
is  caused  by  branches,  or  buds,  or  any  similar  cause,  a  very 
peculiar  appearance  is  imparted  to  those  spots,  and  they  are 
termed  knots. 
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The  prosenchymatous  cells  of  the  bast,  which  are  also 
called  basl-tiibes,  bait-fibres,  or  bast-cells,  are  as  a  rule  fusiform 
and  unbranched.  Septated  bast-cells,  similar  to  the  sep- 
tated  wood-cells  (p.  366), 
are  less  common  than  the 
latter,  but  occur  in  the 
grape-vine  and  cactus. 
When  young  the  bast-cells 
contain  a  protoplasmic  sap, 
at  a  later  period  usually 
air.  In  the  Asclepiadeie 
and  ApocynaceEB  they  con- 
tain a  peculiar  greenish  sap 
related  to  the  latex  of  other 
plants.  The  bast-paren- 
chyma  agrees  almost  en- 
tirely in  its  development 
and  structure  with  the 
xylem.  The  vessels  of  the 
bast  are  sieve-tubes  or  lati- 
ciferous  vessels. 

The  presence  or  ab- 
sence, and  the  arrangement, 
of  the  separate  elements  in 
the  cortex,  are  so  charac- 
teristic of  most  stems  that 
they  can  be  determined 
from  these  characters.  A 
general  idea  may  be  ob- 
tained by  a  transverse  sec- 
..ui.,..,-  '''^"  tlirough  a  bast-bundle 
putiidhynia ;  «;/■  of  thc  wild  Icttucc  (Fig. 
476). 

In  woody  Dicotyledons  the  pith  and  the  parts  of  the 
cortex  which  do  not  belong  to  the  vascular  bundles  are  very 
inconsiderable  in  comvaT\aon  -NYXiv  ■Cl^esR,^a.^.\Jss .    TW  ^ith  of 
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the  stem  only  increases  for  a  short"  time,  and  then  only  by 
the  increase  in  size  of  the  separate  cells,  and  occupies  there- 
fore but  a  small  space  in  comparison  with  the  wood  and  the 
fundamental  tissue  of  the  medullary  rays.  It  consists  of  a 
parenchymatous  tissue,  in  which  other  elements,  as  latici- 
ferous  vessels,  are  sometimes,  though  rarely,  enclosed. 

Deviations  are  not  unfrequent  from  the  normal  structure  and  course 
of  the  vascular  bundles  here  described.  In  many  water-plants,  such  as 
Hippuris,  Myriophyllum^  Ceratophyllum^  and  Trapa^  a  sheath  is  formed 
which  limits  the  increase  in  diameter  of  these  plants.    (Fig.  94,  p.  66.) 

The  roots  of  Dicotyledons  always  possess,  when  young, 
a  thin-walled  epidermis,  which  soon  becomes  replaced,  like 
that  of  the  stem,  by  cork-tissue.  The  cortex  of  the  root 
is  also  very  similar  to  that  of  the  stem,  consisting  of  the 
same  elements;  and  its  cells  contain  the  same  substances 
within  them.  It  is  very  usual  for  a  vascular  bundle-sheath 
to  separate  the  axial  bundle  from  the  cortex.  While,  as  has 
already  been  mentioned  (p.  362),  the  vascular  bundles  of 
the  stem  have  a  centrifugal  growth,  the  development  of 
those  of  the  root  is  in  many  plants  centripetal ;  />.,  the 
first  vessels  are  formed  on  the  outside  of  the  formative 
tissue,  and  their  further  development  and  lignification  ad- 
vance from  the  centre  towards  the  axis  (Fig.  477,  1.).  The 
development  *of  the  pith  is  by  this  means  so  much  checked 
that  it  is  always  less  developed  in  the  root  than  in  the  stem  ; 
and  in  many  roots  it  has  entirely  disappeared  when  their 
vascular  bundles  have  attained  their  full  development.  As 
soon  as  the  vascular  bundles  have  met  in  the  axis  of  the 
root,  theii;  development  progresses  outwardly,  the  new 
vessels,  the  bast-bundles,  pressing  themselves  towards  the 
periphery  (Fig.  477,  11.).  A  growth  of  this  nature  is  found 
especially  in  herbaceous  plants,  e,g,  Cicuta^  and  in  those  in 
which  the  stem  has  isolated  vascular  bundles.  The  root  of 
other  Dicotyledons,  especially  if  woody,  shows  a  similar 
structure  to  that  of  the  stem.  The  cell-cavities.,  botJx 
of  the  xylem-  and  phloem-ceWs,  at^  \vcy«^N^\  c'^^^ix^^x.-^s^ 
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larger  in  the  root  than  in  the  stem ;  this  being  the  cause  erf 
the  smaller  specific  graWty,  and  the  less  i-alue  as  fuel,  of  the 
root  as  compared  with  the  stem.  The  annual  rings  are  also 
often  much  narrower.  The  essential  peculianty  of  the  root 
is  the  possession  of  a  root-cap  (see  p.  72). 


The  leaves  of  Dicotyledons  present  no  essential  differ- 
ence from  those  of  Monocotyledons  [except  in  flie  arrange- 
ment  of  the  vasoiW  bu^n^^^  ot  NWfis\. 
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The  structure  of  the  wood  of  Dicotyledons  agrees  in  its 
main  features  with  that  of  Gymnosperms  (see  p.  333),  a  class 
of  a  generally  lower  type  of  organisation.  The  main  dis- 
tinction lies  in  the  structure  of  the  individual  vascular 
bundles.     In  Gymnosperms  there  are  in  general  no  true 


s  vuculu  bimdle-dieuh  ( : 


vessels ;  rows  of  vascular  cells,  which  occur  only  in  the  medul- 
lary sheath,  taking  their  place,  and  even  then  manifesting 
only  a  spiral  or  reticulate  thickening  {Fig,  478).  The  small 
exotic  order  of  Gnetacefe  furnishes  an  exception,  the  wWi\a 
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of  the  wood  containing  inie  vesseb  with  bordered  [his 
Tlic  wood  of  Conifers  consists  mainly  of  elongated  cdli 
possessing  as  a  rule  large  pits  on  the  side  that  faces  die 
medullary  rayi  The  characteristic  position  of  the  pits, 
which  in  the  ceUs  of  the  stem  are  usually  arranged  in  one,  in 


FXU,  4?P.-LonBil^ciin3l«c 


SSS'^.S 


those  of  the  root  often  in  several  rows,  as  well  as  that  of  the 
resin-passages,  which  are  especially  abundant  in  Conifera, 
form  an  excellent  diagnosis  to  distinguish  the  different  kinds 
of  wood  (Fig.  419').     T\ie  ?.\.TO.c,\.OTe.  til  'Oas:  s^^cUaa  stem  of 
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ihe  Cycadese  is  similar,  the  lai^e  pith  containing  a  quantity 
of  starch  (known  as  sago),  and  surrounded  by   a  com- 


paratively slightly  developed  wood.    Gmn-passages  replace 
in  them  the  resin-passages  of  the  Coniferje. 
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[Dicotyledons  are  subdivided  as  under,  viz,  : — 

Division  I.  Apetal^e,  iNCOMPLEXiE,  or  Monochlamydea 
Perianth  consisting  of  only  a  single  whorl  of  leaves y  or  entirely 
absent,  or  occasionally  of  a  double  whorl  ofsepaioid  leaves, 

SUBDIVISION  I.   Ovary  superior ;  perianth  usually  distinct. 

Cohort  I.  Chenopodiales.  Flowers  usually  hermaphrodite;  peri- 
anth green  or  coloured,  usually  regular,  sometimes  in  two  whorls,  tube 
short  or  absent,  segments  imbricate  in  bud  ;  ovary  of  one,  •  rarely  several 
carpels ;  ovules  solitary,  rarely  two  or  more,  basal  ;  embryo  usually 
coiled  or  curved.  Herbs  or  shrubs.  This  cohort  includes  the  orders 
Phytolaccacea  {Phytolacca) ;  Polygonacea  {Eriogonum,  Polygonum,  Faffh 
pynmiy  Rheum^  Runtcx)  ;  Amaranthacece  {Antaranthus,  Cdosia) ; 
Chcnopodiacea  {Beta,  Chenopodiuffiy  Atriplex,  Spinacia,  Salicomia, 
Salsola) ;  and  Nyctaginca  {Mirabiiis,  Buginvillea), 

Cohort  J  I.  Lau RALES.  Flowers  usually  unisexual ;  perianth  green 
or  coloured,  usually  regular  ;  ovary  unilocular ;  stigma  one ;  ovule 
solitary;  embryo  straight,  with  or  without  endosperm.  Mostly  aromatic 
trees  or  shrubs ;  almost  entirely  tropical.  Orders  : — Momndacea 
{Monimia^  Laurelia)  ;  Myristicacea  (Myristica)  ;  Lauracece  {Cinna- 
inonutHj  Persea,  Sassafras,  Laurus,  Cassytha,  Cantphora,  Nectandra^ 
Oreodaphne). 

Cohort  III.  Daphnales.  Flowers  usually  hermaphrodite  ;  peri- 
anth green  or  coloured,  regular  or  irr^ular,  often  tubular  ;  oA'ary  uni- 
locular, rarely  bilocular ;  stigma  one  ;  ovule  usually  solitary,  pendu- 
lous or  suberect ;  embryo  straight,  with  no  or  very  little  endosperm. 
Trees  or  shrubs,  mostly  tropical  or  southern.  Principal  orders  :— 
Thymelceacece  {Daphne,  Pimelea) ;  Elceagnacece  {HippophaS,  JElaagnus)\ 
Proteacea  {Leucodendron,  Gremllea,  Banksia,  Protea,   Vahea), 

Cohort  IV.  Urticales.  Flowers  diclinous,  or  less  often  polyga- 
mous or  hermaphrodite  ;  perianth  green,  usually  regular,  rarely  absent ; 
stamens  opposite  the  perianth-lobes  or  sepals  ;  ovary  unilocular,  rarely 
bilocular ;.  stigmas  one  or  two ;  ovule  solitary,  micropyle  alwaj-s 
superior ;  fruit  usually  an  achene  or  samara  ;  embryo  straight,  with  or 
without  endosperm.  Principal  orders  :—  Urticacece  {Urtica,  Baehmcria^ 
Parietaria)',  Maracea  {Artocarpus,  FicuSy  Dorstenia,  Morus,  Maclura)\ 
Cannabima  {Cannabis,  Humulus)\  Ulniacece  {Ulmus), 

Cohort  V.  Amentales.     Flowers  diclinous,  in  catkins,  cones,  or 

1 J  perianth  absenl  ox  se^^o\^,  ox  o^  oxv^  ox  xaore  bristles,  bracts, 

or   scales  •,  ovax^   "oxiv  ox  W-Xoox^-ax  %  ^.rr.^  N?^{>ckSi\&.  ^Asv 


FlC.    iBo,— Bract   of 
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Order  I.  Betulace*.'     (Fig.  480.)    Trees  or  shmbs,  with  alter- 
nate simple  leaves,  and  free  deciduous  stipules.     Flowers  moncecious, 

both  male  and  female  anai^ed  in  catkins,  and  subtended  b;  scale-like 

bracts.      Male  floweis   in   threes    in  the  axil  of 

a  bract,  and  formed  of  a  two-  or  four-clef^  perianth, 

in  front  of  the  teeth  of  which  the  stamens  are  placed  ; 

female  flowers  also  in  twos  or  threes  in  the  axil  of 

a  bract,  but  consisting  simply  of  a  free  ovary  with 

two  loculi,  in  each  of  which  is  a  pendulous  ovule ; 

fruit  usually  a  samara,    and  seeds  exalbuminous. 

The  two  genera  of  this  order,  BHuta  the  birch, 

and  AlitHS  the  alder,  furnish  oseful  woods.    From 

the  bark  of  the  birch  is  obtained  the  birch-oil  used 

in  the  manufacture  of  Russia-leather,  and  impart- 
ing to  it  its  peculiar  odour. 

Orifa-  2.  SalicAce.*.  (Fig.  481.)  Trees  or 
shrubs,  with  simple  alternate  leaves  and  deciduous 
stipules.  Flowers  dicecious,  and  both  male  and 
female  always  in  catkins  ;  instead  of  perianth,  each 
kind  has  a  few  small  scales  or  a  glandular  or  cup-  iVits  ails."  ~~' 
shaped  fleshy  disc.  The  male  flowers  consist,  in 
addition,  of  from  two  to  twenty-four  free  or  monadelphous  stamens; 
and  the  female  of  a  free  bicarpellary  pistil,  standing  in  the  axil  o( 
a  scale,  and  having  generally  two  stigmas.  The  unilocular  ovary  con- 
tains a  number  of  pendulous  ovules  attached  to  two  parietal  placentce ; 
and  the  fruit  is  a  two-valved  capsule  ;  the  seeds  without  endosperm, 
but  furnished  with  a  tuft  of  hairs.  The  two  genera  of  which  this  order 
is  composed,  Salix  the  willow,  and  Popitlus  the  poplar,  are  divided 
into  a  large  number  of  species,  varieties,  and  hybrids,  distributed  over 
the  whole  globe.  The  nearer  they  approach  the  poles,  the  smaller  are 
they  in  stature  ;  and  the  arctic  willow,  Salix  polaris,  is  only  an  inch  in 
height.  Some  species,  as  S.  purpurea  and  rtihra,  unfold  their  catkins 
before  Iheir  leaves ;  among  the  best-known  species  are  S.  baiylonka 
the  weeping  willow,  S.  vitelHna  the  osier,  S.  alia  the  white  willow, 
Populus  Irentala  the  aspen,  P.  nigra  the  black  poplar,  P.  pyramidaSs 
the  Lombardy  poplar,  P.  alba  the  white  poplar,  and  P.  balsamifera 
the  American  balsam  poplar.  The  wood  of  some  species  is  valuable 
on  account  of  its  toughness  and  elasticity,  and  is  used  for  basket-work 
and  other  purposes.  The  bark  of  olhera,  as  S.  pentandra  and 
fragUis,  is  officinal,  affording  the  substance  known  as  salicine. 

'  [The  orders  Betulacete  and  SaVicacea,  VDcrfn&t  'h\'&»  (Iti^-^-Ss^^ 
and  Coryiacexfnm  the  cohort  QuemaVes,  consuWAe  V\«.  K^m.-«»s«^ 
the  syllabus  of  Che  University  of  Londoti, — ^o.\ 
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To  this  cohort  belong  also  the  small  orders  Platanacta  {1 
Myriiaieit  (AfyrKa);  and  Camariaacas  (Cfl 

[Cohort  VI.  EUPHORBIAI-ES.    Flowers  he 
penanth  green,  coloured  or  absent ;  ovaiy  bi- 


one  or  many  in  each  loculus,  pendulous,   analropous ;  fruit  usually  a 
uni-  or  muUi-locular  capsule ;  seeds  solitary  or  numerous.] 

Order  1.  EuFHORBiACE^.  {Figs.  482,  483.)  Trees,  shrubs,  or 
herbs,  containing  a  watery,  often  acrid,  more  rarely  tasteless  latei. 
The  stem  of  some  spedw  \s  ftesVj ,  tK*m\i\\w^  vts.11.  of  the  cactus,  and 
is  then  leafless,  or  Ae  \ea\ia  a.«  «?^^KKi^l^  ^ms&^jaisa,^«»a,-» 
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Iiaiis.  Flowete  solitary  or  collected  Into  an  inflorescence,  and  herma- 
phrodite, moncecious,  or  dicecious.  The  tropical  species  especially  are 
so  polymorphic,  and  yet  so  nearly  reined,  that  theit  classification  is  at- 
tended with  extreme  difficulty.  The  genera  of  northern  Europe  agree 
in  never  having  a  double  perianth  separable  into  calyx  and  corolla  ;  in 
the  biyles  and  stigmas  being  distinct ;  in  (he  liuit  being  a  three-valved 


Fig.  ifi3.—Eiipkorbia Zalh^:  I.  put  oT a  plani  (natural  »ie) :  tl.  inflorescence: 
111,  maJe  flower  (magnil^rd). 


capsule,  the  valves  separating  elastically  from  a  central  axis  ;  and  in  the 
seed  being  straight,  the  embryo  lying  in  the  centre  of  a  fleshy  and  oily 
endosperm.  [Among  the  more  important  genera  of  this  ifcrjU-t^jf.  («*.«, 
which  is  divided  into  a  number  ot  subotdeis,  aie  PhyUanthn^,  Airtv 
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dfsma,  Croton,  Hippomatu^  Crozophora^  Mercurialis^  Acalypka^  Code' 
bogytUy  Ricinus,  Manihot^  Jairopha,  Euphorbia^  Siphonia,  ]  A  large 
number  of  species  possess  a  poisonous  latex,  which  is  especially  danger- 
ous in  some  tropical  kinds,  as  Hippomaru  MancineUa  of  tropical  America. 
On  the    ther  hand  the  dried  latex  of  Euphorbia  officinaruTn  and  of  some 

other  African  species,  is  used  in  medicine  under 
the  name  euphorbium  ;  and  of  late  years  also  the 
oil-glands  and  hairs  of  the  East  Indian  RotUera 
tinctoria^  known  as  camala,  and  previously  used 
only  as  a  dye.     Other  officinal  preparations  are 
cascarilla,  the  bark  of  Croton  JSlutaria\  castor- 
oil,    derived  from  the  seeds   of    Ricinus  com- 
'action    through    the     niufiis^    and   croton-oil   from  those   of   CroUm 
fruit    of  MercuriaUs     Tiglium,     Shell-lac  is  obtained  from  the  East- 
Indian  Croton  lacciferum  ;  caoutchouc  or  india- 
rubber  from  the  dried  latex  of  Siphonia  elastica  and  brasiliensis  from 
Brazil  and  Guiana.     The  starchy  rhizome  of  Manihot  utilissima,  culti- 
vated in  many  tropical  countries  and  especially  in  America,  affords, 
after  the  removal  of  the  acrid  latex,  tapioca,  from  which   cassava-bread 
is  made.     The  castor-oil  plant  is  cultivated  for  the  beauty  of  its  foliage. 
[To  this  cohort  belong  also  Buxacea  (Buxtis)^  and  several  other  nn- 
important  orders. 

Cohort  VII.  PiPERALES.  Flowers  hermaphrodite  or  diclinous, 
usually  in  spikes  or  catkins ;  perianth  rudimentary  or  absent ;  ovary 
unilocular  with  a  single  ovule,  or  of  several  free  carpels  with  two  or 
more  ovules.  Orders  : — Piperacea  {Piper,  Cubeba,  JPeperontia) ;  Ckl(rr- 
anthacecB  (Chloranthus). 

SUBDIVISION  II.    Ovary  inferior ;  perianth  more  or  less  distinct  in  either 

male  or  femalejlowers,  or  both. 

Cohort  VIII.  Asarai.es.  Flowers  hermaphrodite  or  diclinous; 
perianth  usually  coloured  ;  stamens  epigynous  in  the  hermaphrodite 
flowers  ;  ovary  uni-  or  multi-locular  ;  fruit  a  capsule  or  berry.  Orders:— 
Aristolochiacece  {Asarum,  Aristo/ockia) ;  Rafflesiacece{Raffiesiay  Hydnoray 
Cytinus). 

Cohort  IX.  QuERNALES.  Flowers  diclinous  ;  the  male  flowers  in 
catkins,  the  female  solitary  or  in  spikes ;  perianth  green,  that  of  the 
male  flower  lobed  or  reduced.to  a  scale,  of  the  female  flower  minute, 
2-6-lobed  or  toothed ;  ovary  i-6-locular ;  ovule  solitary  basal,  or 
one  01  more  pendulous  ;  fruit  one-seeded ;  seed  without  endosperm. 
Trees  with  simple  oi  com^o\m^\e.'a.Ne&\. 

Order  i.    Cup\31.1¥1E.^;e..    Txees.  w  ^xvaJofs.  ^\^  ^\xsc^<^  '55&ssfiftte 
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leaves,  deciduous  stipules,  and  monoecious  flowers.     Male  flowers  ar- 
ranged in  catkins,  with  a  4-  or  5 -cleft  perianth  or  none  at  all,  and 
five  to  ten  stamens  attached  to  the  perianth  or  bracts;  female  flowers 
solitary,  or  in  clusters  or  spikes,  their  perianth  superior,  with  a  toothed 
often  almost  obsolete  margin  ;  ovary  with  from  two  to  six  stigmas,  and. 
the  same  number  of  loculi;  in  each  loculus  one  or  two  pendulous  ovules 
with  two  integuments.     Fruit  indehiscent,  and,  by  abortion,  usually 
unilocular  and  one-seeded,  and  surrounded  at  its  base  by  a  cup- shaped 
envelope,  the  cupule^  as  in  the  oak,  or  entirely  enclosed  within  it,  as 
in  the  beech.     This  cupule  proceeds  from  an  inferior  disc  (Fig.  303, 
p.  147),  and  not  from  a  leaf  of  the  perianth,  as  in  the  Corylacese.    The 
seed  is  without  endosperm,  and  has  a  large  embryo  with  thick  fleshy 
cotyledons.     The  fruit  of  the  Spanish  or  sweet  chestnut,  Castanea  vesca, 
is  edible.     The  two  British  oaks  Quercus  sessUiflora  {^Robur)  zxid  pecfun- 
culataj  and  Q.  Cerris  and  infectoria  from  Asia  Minor  and  Turkey,  are 
valuable  for  their  wood,  and  the  latter  especially  for  its  galls,  from  which 
tannin  is  obtained.     Almost  the  whole  of  the  cork  of  commerce  is  the 
produce  of  Q.  suber  from  Spain,  South  Italy,  and  northern  Africa.  The 
wood  of  Q,  tinctoria  of  North  America  is  used  as  a  yellow  dye.     The 
beech,  Fagus  sylvatica^  is  valuable  for  its  wood  and  the  oil  of  its  seeds. 
Order  2.  CoRYLACEiE.     (Figs.  484,  485. )     This  order  is  so  closely 
allied  on  the  one  hand  to  the  Cupuliferse,  on  the  other  hand  to  the  Betula- 
ceae,  that  we  may  trace  a  gradual  transition 
between  the  three.     From  the  Cupuliferse 
it  is   distinguished  by  the  presence  of  a 
spurious  foliar  cupule,  and  by  the  ovules 
having  only  a  single  integument ;  from  the 
Betulaceae    by  the    cupule,    the   superior 
though  usually  rudimentary    perianth    of 
the  female  flowers,  the  absence  of  a  peri- 
anth to  the  male  flowers,   and  by  each 
anther-lobe     bearing     a     tuft    of     hairs 
(see   Fig.  268,  p.  137).     The  best-known 
representatives     of     the    order    are    the 
hornbeam,       Carpinus      Betulus,      valu- 
able for    its  timber,   and    the    hazel    or 

filbert,  Corylus  Avellana,  for  its  firuit  and  Fig.  484.-Fruit  of  the  hornbeam, 
wood.  Carpinus    Betulus,    with    its 

rrA    .1  •        t      .   1    1  1         1  -.         three-lobed   perianth    (natural 

[To  this  cohort  belongs  also  the  order    size). 

Juglandece  {Juglans^  Carya). 

Cohort  X.  Santalales.  Flowers  hermaphrodite  or  diclvwcws.  ^^^^scv- 
anth  usually  conspicuous,  coloured,  po\yn\ot^\x\c.,  ^xA  N^iis'a^.^  \  ^-"^-ax*^ 
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niu-  or  multi-locnlar,  locnli  witli  one  or  many  ovules,  ovules  nsiudljr 
reduced  to  a  naked  nucleus  ;  fruit  a  one-seeded  beny  or  dmpe.  Para- 
sitic herbs  or  shnibs.  Orders  ; — LoraiiihaaiE  {Lorantkus,  Viscum, 
Myiodtadran);  SattlalaiOE  {Thtnum,  Sanlalum);  Baianophcrtuea  {Cy- 
tumerium,  Balanophara,  Langsdor^), 


wilh  male  and  female  flowen 
ifloTBCence  ;  IV.  female  flowtr 
mleCnamialsije). 


Division  II.     Cmiopet Ai.m.— fioTMrs /armiied  wilA  boik calyx 
and  corolla,  tht  loiter  gamopclaioas. 

SUBDIVISION  I.   Ovary  suj/erior  (rarely  ittfaior). 
Section  I.     Flowcrt  very  irregular  (rarely  regiiiar). 
Cohort  I.  Peksonales.     Corolla  gamopetatous,  hypogynous,  often 
bilabiate ;  stamens  fewei  'itan  'iiw  tQTQ"ii.-\rfQes,  -ruelf  as  many,  un- 
equal, usually  four  and  dvi'jTiamQfa.s,  tax^-j  ^-flo-,  ™kvs   ■v-'i-  t«^ 
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4-locular ;  style  simple ;  stigmas  one  or  two ;  ovules  usually  very ' 
numerous ;  fruit  usually  a  capsule.  Herbs,  rarely  shrubs  or  trees,  with 
eislipulate  leaves.] 


Ordtrx.  SCROPHL-LARIACE.*.  (Fig5.  486-488.)  Mostly  herbaceous 
plants,  with  alternate,  opposite,  or  verlicillale  exstipulate  lea.ie=„  C^-iT. 
and  corolla  bilabiate,  rarely  nearly  tegijU't,  a,Tv4  V  ot  v^^is^V  -,  aisi&.'eM 
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Qsoally  four  and  didynamous,  less  often  two,  as  in  Veronica ;  ovary 
superior,  and  generally  surrounded  by  a  disc,  syncarpous  and  bilocolar, 
with  a  large  number  of  anatropous  ovules,  attached  to  an  axile  placenta 
divided  by  the  dissepiment.  Fruit  capsular,  rarely  baccate  ;  seeds 
with  endosperm  and  straight  embryo  (see  Figs.  249  and  297,  pp.  130, 
144).  [The  genera  are  very  numerous,  and  include  Sd/pi^saSf 
Schizanthus^  Calceolaria,  Linaria,,  Antirrhinum,  Maurandia^  Laphosper' 
mum,  Paulawma,  Scrophularia,  Penstemon,  Mimulus^  (zratiola^DigiialiSy 
Veronica,  Bartsia,  Euphrcuia,  Melampyrum,  Rhinanthus,  Pedicularis, 
Verdascum,]  The  most  important  medicinal  species  is  the  foxglove, 
Digitalis  purpurea  ;  the  leaves  of  Gratiola  officinalis  are  also  officinal. 
A  lai^e  number  of  genera  are  cultivated  in  gardens  for  the  beauty  of 
their  flowers.     Many  species  are  root-parasites. 

[To  this  cohort  belong  also  the  orders  UtrictUaruuetE  {Utriadaria, 
Piuguicula)',  Orobanchacece  {Orobanche,  Lathrcea)',  GesneracecB  {Gesnera, 
Gloxinia,  Achitnenes,  Columnea,  Cyrtandra)',  BigytontacecB  {Btgnottia, 
Catalpa,  Tecoma,  Eccremocarpus);  Acanthacece  {Ruellia,  Goldjussia^ 
Acanthus,  Justicia,  Adhatoda)  ;  Sesamacecs  {Sesamufn^  Craniolaria, 
Martynia,  Pedalium), 

Cohort  II.  Lamiales.  Perianth  usually  bilabiate,  rarely  nearly  or 
quite  regular,  hypog)mous  ;  stamens  fewer  than  the  corolla-lobes,  rarely 
as  many,  unequal,  usually  four  and  didynamous,  rarely  two  ;  ovary  2-4- 
locular ;  style  simple  ;  stigmas  one  or  two  ;  ovules  solitary  in  each 
loculus,  very  rarely  two  or  more  ;  fruit  an  indehiscent  drupe,  or  com- 
posed of  two  or  four  nucules.  Herbs,  shrubs,  or  trees,  with  exstipulate 
leaves.] 

Order  I.  LABiATiE.  (Figs.  489-492.)  Herbaceous  or  suflruticose 
plants,  usually  with  square  stem  and  opposite  (decussate)  or  verticillate 
exstipulate  leaves.  The  flowers  are  arranged  in  compact  cymes  {verti- 
cillasters)  in  the  axils  of  the  leaves  ;  and  the  separate  inflorescences  are 
often  so  crowded  as  to  give  to  the  whole  the  appearance  of  a  compound 
spike.  The  tubular,  usually  bilabiate,  calyx  is  persistent ;  the  corolla  usu- 
ally ringent  and  bilabiate,  rarely  regular ;  in  the  former  case  the  upper 
lip  consists  of  two,  the  lower  lip  of  three  teeth  (petals);  the  structure  of 
the  bilabiate  calyx  being  the  reverse.  Stamens  rarely  two,  usually  four, 
of  two  unequal  lengths  (didynamous) ;  but  the  anthers  are  not  always 
perfectly  developed,  sometimes  consisting  of  one  lobe  only,  the  other 
lobe  being  barren,  as  in  Salvia  (Fig.  269,  p.  138).  The  mode  of  de- 
hiscence of  the  anthers  also  varies ;  in  Galeopsis  it  is  transverse.  The 
style  is  gynobasic,  or  rises  from  the  base  of  the  deeply  four-lobed  ovary, 
which  is  placed  on  an  inferior  disc  ;  each  division  of  the  ovary  contains 
only  a  single  ovale,  'w\\ii  \ls  xDA.cxo^^\<t  ^tt^xsd.  davmwards.     Fruit 
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Fig.    ifia.—Lami«m  aliHm:  I.  part  of  plant   (natural      \    Vl*^    & i)    f 
siif);    II,   longiludinal    KCtLoii   of  flower  (magnified  1  ;         '     \v         /'    J 
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enclosed  in  the  base  of  the  calyx,  and  consisting  of  four  nucules,  each 
containing  a  single  seed.  [Among  the  numerous  genera  of  this  large 
and  important  order  are  Coletis,  Lavandula^  Mentha^  Origanum^ 
ThymuSy  Calantintha,  Melissa^  Nepeta,  Pruneila,  Scutellaria,  Meliltis, 
Marrubium,  Stachys,  Lamium^  Ballota,  Phlomis,  GaUopns,  Teucrium, 
Ajuga,  Salvia.'X  The  plants  belonging  to  it  abound  in  volatile  oils  con- 
tained in  special  glands,  and  a  large  number  are  consequently  oflBcinal; 
as  Mentha  piperita  peppermint,  M.  crispa  curled  mint,  Lavandula 
angustifolia  lavender,  Thymus  serpyllum  and  vulgaris  the  wild  and 
garden  thymes,  Rosmarinus  officinalis  rosemary,  Ocymuni  basUkum 
basil  thyme.  Origanum  Majorana  and  vuigare  marjoram,  &c. 
Salvia  officinalis  is  valuable  on  account  of  the  large  quantity  of  tannin 
contained  in  it ;  PUctranthus  graveolens  of  the  Mascarene  Islands  is 
the  source  of  patchouli. 

[The  only  other  important  order  of  the  cohort  is  Verbencuece  which 
includes  the  genera  Verbena,  Lantana,  Tectona,  Clerodendron  Vitex 
Avicennia, 

Section  II.     Flowers  usually  regular. 

Cohort  III.  PoLEMONiALES,  Corolla  gamopetalous,  hypogynous, 
regular  or  oblique  ;  stamens  as  many  as  the  corolla-lobes,  epipetalous, 
equal  or  unequal,  often  exserted  ;  ovary  1-5-locular,  syncarpous 
(rarely  apocarpous);  seeds  very  numerous,  or  only  one  to  two  in  each 
loculus.  Herbs,  rarely  shrubs  or  trees,  with  exstipulate  alternate  or 
geminate,  rarely  opposite,  leave§.] 

Order  I.  S0LANACE.E.     (Figs.  493-497-)     Herbaceous  or  suffruti- 
cose  plants  with  alternate,  in  the  upper  part  geminate,  leaves,  one  of 
each  pair  being  always  smaller  than  the  other.        Cal3rx  usually  5- 
partite    and    persistent ;    corolla    regular,    deciduous,     folded    in   the 
bud,  and   4-  or    5 -partite;  stamens  equal  in  number  to   the  corolla- 
lobes;   ovary   usually   bilocular,  or   almost   4-locular    by  false   septa, 
rarely    3-   or    5-locular.       The   numerous   seeds    have    an    abundant 
fleshy  endosperm ;  fruit  a    capsule  or  berry.     [Among    the  more  im- 
portant genera  are  Nicoiiana,  Petunia,  Datura,  Hyoscyanius   Nicandra, 
Lycopersicum,     Lycium,    Physalis,    Atropa,     Capsicum,    Mandragora, 
Solanum,  Nolana,']     The  useful  and  officinal  plants  belonging  to  it  are 
numerous,    including  the  potato  Soianum    tuberosum,    S.     dulcamara 
the  bitter-sweet,  Lycopersicum  esculentum  of  the  East  Indies  the  tomato 
Capsicum  annuum  of  the  West  Indies  or  Cayenne  pepper   Nicotiana 
Tabacum     tobacco,     Atropa    Belladonna    the     deadly       nightshade 
Hyoscyamus  niger  the  henbane,  Datura  Stramonium    the  thorn-apple 
Physalis  Alkekengi  l\ve  -wmVet  Ocv^xt^,  ^c. 
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This  cohort  includes  also  the  following  orders  : — Hydropkyllacia 
[Hydrgphyllum,  NcmophUa,  EutocaY,  Pottmoniacca  (Phlox,  Collamia, 
Gillia,  Polcnionium,  Cobaa) ;  Convohmhcta  [QuatiiKlU,  BatiUas,Pharbitii, 
Ifoniira,  CoHvdvalus,  Evohmlu!,  Parana,  Cus^u/a);  and  Borraglntic 
(Hilialrofivm,  Cfrinike,  Echiunt,  Borrago,  Symfhylura,  Anckusa, 
Ly€Bpsis,  lAthosptmmm,  Pulmonaria,  Myiaotis,  Cynoglessum,  Ompho' 
lodes). 


Cohort  IV.  GenTIANALES.   Corolla  gimopelaloos  im  tbl*^ 
apopetalous,  hypogfoovs ;  stamens  same  \ii  iiMAriae 

c  c 
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by  the  BCCitsxiui.  o^jTi ;  \Y\.  Bt«)^Vs^u£il«d»u^li^^ 
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fewer,  epipetalous  and  usually  included  in  corolla-tube  ;  ovary  usually 
syncarpous  and  bilocular.  Herbs,  shrubs,  or  trees,  almost  always  with 
opposite  or  verticillate  exstipulate  leaves.  Orders:—  Oleacea  {Jasfninuniy 
Olea^  Ligustruniy  Phillyrea^  FraxinuSy  Syringa^  Forsythia);  Apocynacece 
{Allamanday  Taberncemontana^  Vincay  Apocynum,  Nerium) ;  Asclepiadecp 
{Vincetoxkum^  Cynanchumy  Asclepias^  Stephanotisy  Iloya,  Stapelia)\ 
Loganiacea  {Logania,  Spigelia,  Strychnos) ;  Gentianacece  {Erythrcea, 
Chloray  Gentiana^  Villarsia,  Menyanthes,  Limnanthemuni), 

I.  II. 


Fig.  497.— I.  Y\o\i^x  oi  Solanum  2>«i<:fli«rtrfl  (magnified)  ;  II.  Floral  diagram  of 

potato  Solanaceee). 

Cohort  V.  Ebenales.  Corolla  gamopetalous  or  apopetalous, 
hypogynous  or  epigynous,  rarely  perigynous ;  stamens  usually  many 
more  than  the  corolla-lobes,  or  if  equal  in  number  usually  alternate  with 
them ;  ovary  2-  or  multi-locular ;  ovules  usually  few ;  fruit  rarely 
capsular.  Shrubs  or  trees,  with  alternate  exstipulate  leaves.  Principal 
orders  : — Ebenacece  {Diospyros)\  Styracece  {Symplocos,  Styrax,  Halesia). 

Cohort  VI.  Primulales.  Corolla  regular,  hypogynous,  rarely 
epigynous,  gamopetalous,  rarely  apopetalous;  stamens  equal  in  number 
to  corolla-lobes  and  opposite  to  them,  or  if  more  numerous  one  series 
always  opposite,  hypog3mous  or  epipetalous;  ovary  unilocular,  with 
free  central  placentation.  Herbs  or  shrubs,  rarely  trees,  wtth  exstipulate 
usually  alternate  leaves.  Orders  : — Plumbaginece  {Plumbago^  Armeria, 
Statice)\  Primtdacecs  (Androsac€y  Soldanella^  Cyclamen^  Lysimachiay 
Primula y  AnagalliSj  Hottonia,  Saniolui)\  Myrsinacecs  {Myrsine,  Ar- 
disia^  Theopkrasta). 

Cohort  VII.  Ericales.  Corolla  hypogynous  or  rarely  epigynous, 
gamopetalous  or  rarely  apopetalous  ;  stamens  as  many  or  twice  as  many 
as  corolla-lobes,  hypogjnious  or  epipetalous;  ovary  uni-  or  multi-locular ; 
ovules  one  or  many  ;  stigma  simple,  entire  or  lobed ;  seeds  minute. 
Herbs,  shrubs,  or  trees,  often  with  heath- like  leaves,  or  sometimes 
parasitic.  Orders  : — Ericacece  {Arbutus^  Gualthena^  ^itofromcda^  E.Y\caN 
CallunQy  Rhodora^  Phylhdoce,  Ledum^  KoXmxay  Arnica,  RKododtndroirv^ 

CC2 
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Epigtra,  Clethra) ;  Monolropacia  (Mtmetropa,   Laihnra)  ;   Vaccimatai 
{yaicinium,  Oxycoccos) ;  EpacriiUa  [Epacrii) ;  Fyrolaeea  (I^mla). 


Epigymus;  ovary  inferior. 


many  as  corolla- 
lobes    or     fewer  ;      ovaiy    2-6- 

rarely  uni-locular  ;  style  simple ; 
stigma  often  enveloped  to  s 
shealhi  ovules  numerous,  rarelj 
solitary.  Herbs  or  larely  shrubs, 
with  Bxslipulate  leaves  and  often 
a  milky  juice.     Principal  order  ; 

CamparatlacBX  {Pkyteuma,  ^lor 
OHI,      Sptcularia,       Campanula, 

ClinloHui,  Lobelia). 

Cohort  IX.  ASTERALES. 
Flowers  regular  or  irregular, 
often  uniscKual  and  collected  into 
Involucrale  capitula  ;  stamea; 
as  many  as  corolla- lobes, 
rarely  fewer,  epipetalous  ;  oiaij 
uni-loculaJ,  ovule  solitary,  (or 
rarely  2-3-locular,  all  but 
one  then  barren).        Herbs   or 


shrubs,   rarely  trees,  -wi*  eT!.=,i.i9«Me  leaves  ;  calyx-limb  usually  re- 
duced to  a  pappus,  01  siisTOX.     tS^S^-  »f*--y>V\\ 
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Fig,  5«>.-l-owi™iina]«nr™  ihrough the ca^Li-iW™ A  "™    ^ 
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Order  I.  CoMPOSiTiE.  This  order  is  not  only  one  of  the  largest, 
but  one  of  the  best  characterised  and  most  natural  in  the  v^;etable 
kingdom.  It  numbers  about  twelve  thousand  species  distributed  over 
the  whole  surface  of  the  globe.     The  species  are  herbaceous,  rarely 

shrubby,  and  often  (Liguliflorae)  containing  a 
milky  latex  ;  the  leaves  are  exstipulate  and  usually 
alternate.  The  flowers  are  hermaphrodite,  male, 
female,  or  neuter  (containing  neither  stamens  nor 
pistil).  They  are  placed  on  a  common  broadly 
expanded  receptacle,  and  are  crowded  into  a 
capitulum,  and  surrounded  by  a  general  iftvolucre 
of  densely  crowded  bracts.  The  individual  flowers 
are  usually  situated  in  the  axils  of  small  bracts, 
which  are  called  palea,  and  the  receptacle  is  then 
said  to  be  paleaceous  ;  when  these  are  absent  it  is 
naked.  Rarely  each  flower  has  a  special  tnvo- 
Iticel.  The  calyx  consists  of  an  epigynous  tube, 
the  free  margin  of  which  developes  after  the 
withering  of  the  flower,  sometimes  remaining 
membranous  and  entire,  but  usually  transformed 
into  bristles,  hairs,  scales,  or  a  silky  pappus  (see 
p.  127).  The  corolla  is  always  gamopetalous, 
and  is  usually  5-  but  sometimes  4-  or  3- 
cleft,  is  either  tubular  and  regular,  or  bilabiate^ 
having  in  the  latter  case  two  divisions  in  the  upper 
and  three  in  the  lower  lip,  or  ligtilate.  The  five 
stamens  are  attached  to  the  corolla-tube  and  are 
alternate  with  its  teeth  ;  their  filaments  are  free, 
but  their  anthers  coherent  into  a  tube  {syngem- 
st0us)y  always  furnished  at  the  apex  with  one, 
sometimes  at  the  base  with  two  appendages.  The 
ovary  is  inferior  and  unilocular,  and  contains  a 
single  straight  pendulous  ovule.  The  style  is 
'chic?!^,   Cichorium    divided  in  the  upper  part,  and  is  usually  furnished 

Intybus,  with  coron-    with  collecting  hairs  which  act  like  a  brush  in  col- 
ate  pappus    (magni-    ,  °  ^    .     . 
fied).                          lectmg  the  pollen.     The  fruit  is   a  cypsela  con- 
taining a  single  seed   without  endosperm.      The 
flowers  (florets)  of  the  central  part  of  the  capitulum  are  often  of  a 
different  structure  and  colour  from  those  of  the  margin  ;   and  the  two 
kinds  are  hence  often  called  florets  of  the  disc  and  florets  of  the  ray. 
[The  order  is  divided  into  three  suborders,  as  follows  : — 
I.  Liguliflora,     ¥\oNveiS8\\\vtravsL'^VxoeC\\&^xA\\^ 


Fig.  502.  —  Pistil  of 
Enpatorium  (mag- 
nified). 


Fig.   503.  —  Fruit    of 
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filiform  branches,  pubescent ;  stigmatic  bands  separate,  and  not  half  as 
long  as  the  branches  of  the  style.  Herbs  with  alternate  leaves  and  a 
milky  latex  : — Catananchey  Cichorium^  Picris^  Crepis,  Hieracium^  Hy- 
jpocharisj  Leontodon^  Taraxacum,  Lactuca,  Sonchus^  Tragopogchi, 
Scorzonera^  Scolymus, 

2.  Labiaiiftora.  Corolla  of  the  hermaphrodite  flowers  usually 
bilabiate  ;  of  the  male  and  female  flowers  ligulate  or  bilabiate  : — 
Mutisia. 

3.  Tubuliflorce,  Flowers  sometimes  all  tubular,  regular  and  her- 
maphrodite, rarely  irregular  and  neuter,  sometimes  those  of  the  disc 
tubular,  of  the  ray  ligulate,  the  former  hermaphrodite,  the  latter  female 
or  neuter  : — Vernonia,  Eupatorium,  Mikania,  Solidago,  Bellis^  Aster, 
Erigeron,  Conyza,  Filago,  Gnaphalium^  Hclichrysum^  Inula,  Pulicaria, 
Silphium,  Xanthium,  Zinnia,  Rudbeckia,  Helianthus,  Coreopsis, 
Dahlia,  Bidens,  Achillea,  Anthemis,  Chrysanthemum,  Matricaria, 
Tanacetum,  Artemisia,  Tussilago,  Petasites,  Arnica,  Doronicum,  Cine- 
raria, Senecio,  Calendula,  Echinops,  Carlina,  Carduus,  Cnicus,  Ono- 
pordon,  Cynara,  Centaurea,  Carthamus.'\ 

Since  the  Compositae  abound  in  latex,  bitter  principles,  and  volatile 
oils,  a  large  number  of  species  are  officinal,  while  others  are  of  technical 
or  economical  value.  Among  the  most  important  are  the  following  : — 
the  flowers  of  Arnica  montana  ;  chamomile  flowers  from  Matricaria 
Chamomilla  and  Anthemis  nobilis  ;  wormwood  from  Artemisia  chinensis 
and  Absinthium  ;  coltsfoot  from  Tussilago  Farfara  ;  the  leaves  of  Cnicus 
benedictus  ;  the  roots  of  Lappa  tomentosa,  officinalis,  and  minor,  and 
Anacyclus officinarum  ;  elecampane  from  Inula  Helenium  ;  taraxacum 
from  Taraxacum  officinale ;  absinthe  from  Artemisia  Absinthium  ; 
the  ethereal  oil  of  the  tansy,  Tanacetum  vulgare ;  the  dried  latex  of 
Lactuca  virosa  and  sativa.  Mikania  Guaco  of  Central  America  is  a 
remedy  against  snake-bites  ;  the  crushed  flower-buds  of  Pyrethrum 
carneum  from  the  Caucasus  are  used  as  an  insecticide.  Among  culi- 
nary vegetables  are  the  lettuce  Lactuca  sativa,  endive  Cichorium  Endivia, 
tarragon  Artemisia  Dracunculus,  chicory  Cichorium  Intybus,  scorzonera 
Scorzonera  hispanica,  the  Jerusalem  artichoke  Helianthus  tuberosus,  and 
the  artichoke  Cynara  Scolymus.  The  seeds  of  the  sunflower,  Heli- 
anthus annuus,  yield  a  useful  oil,  as  does  the  fruit  of  Madia  sativa  ; 
safflower  is  obtained  from  the  flower-heads  of  Carthamus  ttnctorius. 
*  Everlastings '  are  the  dried  flower-heads  of  species  of  Helichrysum 
and  Gnaphalium,  and  G,  leontopodium  is  the  *  Edelweiss '  of  the  Alps. 
The  common  marigold  is  a  species  of  Calendula. 

[To  this  cohort  belong  also  Valerianacecs  (Fa/eriana,  Ctntva\a\vu%^ 
Fedia) ;  and  Dipsacacece  (Dipsacus^  iTnaulia,  Scabiosa^, 
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Cohort  X,  RuBiALES,  Flowers  regulir  or  irregular  ;  stamens  u 
many  as  corolla- lobes,  epipetalous  ;  ovaiy  l-  or  multi-locular  ;  ovnla 
solilary  or  nameroua  ;  seeds  wilh  or  very  rarely  without  endospeno. 
Shrubs  or  trees  rarely  herbs,  with  opposite  or  verticillate  oftea  stipuku 
leaves  ;  calyx  never  pappose. 

Order  I,  RuBiACE^  {Figs.  504.  Sf>S-)  Trees  or  shrubs,  rarely 
herbs,  with  simple,  entire,  opposite  leaves.]    The  slipules  are  in  many 


genera  so  similar  to  the  true  leaves  as  to  give  the  appearance  of  a  spu- 
rious whorl.  The  stamens  are  equal  in  number  to  the  corolla-lobes  and 
alternate  with  them  ;  the  ovary  biloenlar,  the  seeds  solitary  or  raidy 
two  in  eachlooJus,  otiMtUftot'AMMA'iivtw^i^w^'s'^^Siv^aribvdiwiBion. 
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The  fniit  is  a  drupe,  betry,  capsule,  or  achene,  or  is  somelimes  dehiscent ; 
Ihe  endospenn  large  and  homy,  as  in  the  coffee-berry,  or  fleshy.  [The 
order  is  a  \erj  llu^e  one,  and  is  divided  into  a  large  number  of  tribes. 


The  suborders  i'i;//«/fl',  Ciwcionftr,  and  Cqfi;eito(«i'nves»Sw«»,w 
guished  hy  ihe  first  having  the  leaves  in  ap'pa.teTA  Vnox'sa  liam. 
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petiolar  stipules ;  the  second  has  oppoate  leaves  and  a  mnliikxsihr 
ovary  with  humerous  seeds  ;  the  thiid  opposite  leaves  and  a  biloaihr 
two'seedcfl  ovary.  7*he  Earopean  species  all  beloi^  to  the  Sidktt^ 
and  are  herlxiceous.  Among  the  more  important  geneia  of  the  order 
arc  the  following  : — Umaria,  Nauclea^  Cinchona^  CascarUla,  Omk' 
mittM,  Afnssanday  Gardenia^  Ixora^  Coffea,  Cepkaelis^  Spermacoce^ 
R tibia ^  Galtuffty  Aspfniia.'\  It  includes  plants  of  very  great  medi- 
cinal and  economical  value.  Peruvian  bark  and  quinine  are  obtained 
from  various  species  of  Cinchona^  all  natives  of  central  and  western 
South  America  ;  the  best  kind  is  the  product  of  C  Calisaya  of  Bolivia; 
others  of  C.  ^iandulifera  of  Peru,  C  condaminea  of  northern  Peru  and 
southern  Kcuador,  and  C  succirubra  of  Chimborazo.  It  is  cultivated 
with  success  in  Java  and  India.  Coffea  arabica^  the  source  of  coffee, 
j^rows  in  Arabia  and  the  East  and  West  Indies.  Ipecacuanha  is  the 
root  of  Cc/ 'nit' lis  Ipecacuanha  of  Brazil.  Catechu  is  the  product  of  the 
Mast  Indian  Uiic-aria  Gambir.  The  important  dye  known  as  madder 
is  obtained  from  the  root  of  Rubia  tinctorum, 

(The  only  other  order  belonging  to  this  cohort  is  Capri folicuea  [Lt^ 
ct's/tTtat  Symphoricarpus^  LinncBa^  Weigelia^  Lonicera^  yibumum, 
Sambucus), 

Division  III.  CALVCiFLORiE. — Sepals  connate,  rarefy  Jree,  often 
luinate  to  the  inujr)' ;  petals  distinct,  in  a  single  TuAorl,  perigywnuor 
epi^vnous  ;  disc  adnate  to  the  base  of  the  calyx,  rarely  tumid  or  raised, 
into  a  torMS  or  ^i^mophore  ;  stamens  perigynous  or  epigynous,  usually 
insertcti  in  or  beneath  the  outer  margin  of  the  disc;  ovary  frequently 
inferior. 

Cohort  I,  Umbellales.— Flowers  usually  hermaphrodite  •  stamens 
usually  detinite ;  o\-ary  inferior,  i-,  2-,  or  multi-locular ;  ovules 
solitar)',  j^ndulous  ;  st>-les  free  or  connate  at  the  base  ;  ovules  with  the 
civiits  contluent  with  the  nucleus  ;  seeds  albuminous  ;  embryo  usoallv 
minute  ;  flowers  generally  in  umbels.] 

Onier  i,  Vmbkllifer.*,  (Figs, 505-5 1 3.)  Herbs,  rarely  shmls. 
with  rvnind  or  fum-kweii  jointed  stem,  and  alternate  usoallv  compocni 
leaves  sheathing  at  the  base.  The  flowers  are  hermaphrodite  [except 
iwnisionally  the  outermost  in  the  umbel],  and  are  arranged  in  simple  cr 
cv^n>txniml  umbeK  which  in  some  genera  are  contracted  into  capitula  tv 
the  shv^rtening  of  the  axis  ;  the  inflorescence  is  nsoallTsturotEnded  brn 
iuvv^Ittcre  consisting  of  a  single  whorl  of  bracts ;  when  this  indiKJcs  ce 
entiff  inflojreseence  it  is  called  ihi^ general  iftrolaterr  ;  when  it  iDchsfc 
only  a  secowiarc  laiaWV  a  ^pas\\a\viivA^«:»fe«  i««»tt«td^  Tl*e  caln-tnlie 
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is  adherent  to  tJie  ovary,  but  with  a  Tree  five-tootheil  or  entire  margin 
[which  is  however  sometimes  almost  obsolete].  The  petals  are  five,  dis- 
tinct, entire,  emai^nate  or  two-lobed,  the  outer  ones  often  larger  than 


m  Cr-itpium.  fonlVpar^ley  (nali 
lll.ucl^orfmU. 
raytd ;  adherent  to  the  calyx  and  akerwAe  ■wv'Ctv  \w.  vtss.V. 
are  five,  ro]Jedupinveniatioii',ftieova,vj\isiisi\"j^n-,t«<*''J 
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uni-locular,  andcontnins  asinglependulous  ovule  in  eachloculii^  Each 
of  the  two  styles  is  expanded  at  its  base  into  the  disc  which  crowns  the 
apex  of  the  ovary  and  is  termed  the  styhfede     The  fruit  is  1  bipartite 


\Hdnim  sat  ^rrw(Ccdospenii£)    II  transverse 

schizocarp  or  a-cmixarp,  separating  from  below  upwards  [»o  halves 
[nitriearfs)  separating  from  the  columella  or  carpophon,  the  carpophore 
itself  splitting  from  the  apex  halfway  down  or  to  the  base  (Fig.  509).. 


The  small  embryo  is  enclosed  in  the  apes  of  a  large  endosperm.  The 
free  and  usually  convex  outer  sides  of  the  mericarps,  which  are  attscVsil 
to  one  another  by  their  inner  surfaces,  Me  Vermei  toe^ia!^,  ot-Jj- ™=^ 
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mericarp   has  five  more  or  less  conspicuous  loi^todinal  ridges  or 
primary  juga^  the  median  of  which  is  the  carina  ;  the  two  outermost  are 
the  marginal  or  lateral ;  those  that  lie  between  the  intermediate  ridges. 
Alternate  with  the  primary  are  often  four  secondary  ridges^  which  are 
not  unfrequently  more  strongly  developed  than  the  primary  ones,  but 
are  always  at  once  recognised  by  their  position,   the  central  one  or 
carina  being  always  a  primary  ridge.     The  intervals  which  separate  the 
primary  ridges  are  termed  furrows ;  and  beneath  their  surface  are  a 
number  of  slightly  projecting  canals  or  viita  containing  a  volatile  oil, 
which  are  usually  visible  only  on  making  a  transverse  section.     The 
endosperm  is  on  the  ventral  side,  and  is  either  flat,  in  the  snbonier 
Orthosperma^  or  less  often  channelled  longitudinally  by  the  incurv- 
ing of  the  margins  {Campylosperma) ;  or  hollowed  out  {Caelospemia). 
[Among  the  very  numerous  genera  belonging  to  this  lai^e  and  important 
order    are    Hydrocotyle^    Eiyngium,     Astrantia^     Sanicula^    Conium^ 
Smymium^  Bupleurum^  Apium^  Cicuta,  Ammi^  Carutn^    Siuniy  Sison^ 
^gopodium^     Pimpinella,     Conopodtumy      Myrrhis^      Cheerophyllum^ 
AnihriscuSf  Seseli,  Fcetticulum,  Crilkmum,  CEnanthe,  jEthuscLy  Afeumt 
Ligustuumj  /.evisticum,  Angelica^  Archangelica^  Ferula^  Peitcedanum^ 
Herackum^  Opopanax,  Coriandrum,  Cuminum,  Daucus^  jPetroseHnum^ 
Pastinaca,   Bunium^   Aiiethum,'\      The  roots  contain    abundance  of 
lesin,  and  the  fruits  a  volatile  oil.     Among  culinary  Vegetables  are  the 
carrot  Daucus  Carota^  chervil  Antkriscus  cerefolium^  celery  Apium  gro' 
veoicfts,  parsley  Petroselinum  sativum^  parsnip  PasHnaca  satrva^  fennel 
Fccniculum  officinale^  &c.     Among  medicinal  products  are  the  caraway 
Cantm  Carui,  coriander  Coriandrum  saiivnmf  water-fennel  CEnanihe 
Phdlandrium^   dill   Anethum   graveolens,    anise   Pinipinella   Anisum^ 
pimpinella   Pinipinella  Saxifraga,    archangel  Archangelica  officinalis^ 
\o\2igtLevistia4m  officinale,  assafoetida  Narthex  Assafaetida,  ammoniacum 
Dorema  ammoniacum,    and  galbanum  Galbanum  (officinale,   the  last 
three  from  Persia.     The  following  are  poisonous  : — Hemlock   Conium 
maculalum,  fool's  parsley  ALthusa  Cynapium,  dropwort  CEnanthe  fistu- 
losa,    water-hemlock  Cicuta  virosa,    and   ¥rild  chervil    CktsrophyUum 
temulum. 

[To  the  same  cohort  belong -<4rfl//Vz^Ai?  (^nr/zb,  ffedera,  Panax);  and 
Coniaceoe  (Cornus,  Benthamia,  Aucuba), 

Cohort  II.  FicoiDALES.  Flowers  regular  or  nearly  so  ;  ovary 
syncarpous,  inferior  half-inferior  or  superior  ;  unilocular  with  parietal 
placentae,  or  2r-  to  multi-locular  with  basilar  or  axile  placentae ;  seed 
albuminous  with  curved  embryo,  or  exalbuminous  with  oblique  embryo. 
Succulent  herbs.     Orders  i^Caciacece  {Melocctctus,  MamiUaria^  Echim- 
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tactus^  Ceretis,  Phyllocactus^  Epiphyllumy  Rhipsalisy  OpuniiaYy  Ficoideas 
{AizooUy  Telephium)\  Mesembryanihemacece  {Mesembryantketnum). 

Cohort  III.  Passi  FLO  RALES.  Flowers  usually  regular,  hermaphro- 
dite or  unisexual ;  ovary  usually  inferior,  syncarpous,  unilocular,  with 
parietal  placentae,  sometimes  3-  or  multi-locular  by  the  produced 
placentae ;  styles  free  or  connate.  Mostly  twining  or  climbing  herbs 
or  shrubs,  commonly  furnished  with  tendrils.  Principal  orders  : — Pas- 
sifloracece  {Malesherbia,  Pamjlora^  Tacsoniay  Modeaa^  Cartca);  Cucur- 
bitacece  [Litffa^  Momprdicay  Cttcumis,  Citrulius,  CucurbitOy  Bryoniay 
Elateriuniy  SicyoSy  GynostemmaYy  Begoniacea  [Bigonia). 

Cohort  IV.  Myrtales.  Flowers  regular  or  nearly  so,  usually 
hermaphrodite  ;  ovary  sjmcarpous,  usually  inferior  ;  styles  united,  very 
rarely  free ;  placentae  axile  or  apical,  rarely  basal.  Trees,  shrubs,  or 
rarely  herbs,  with  simple  usually  entire  leaves.] 

Order  I.  Myrtace^e.  Trees  or  shrubs,  rarely  herbs,  usually  with 
opposite  exstipulate  leaves,  which  appear  punctated  by  glands  contain- 
ing a  volatile  oil ;  flowers  solitary  in  the  axils  of  the  leaves  ;  stamens 
numerous,  with  the  filaments  sometimes  coherent  into  one  or  more 
bundles  ;  ovary  inferior  or  half-inferior,  uni-  or  multi-locular  ;  the  fruit 
a  berry  or  capsule,  generally  crowned  with  the  calyx-limb.  [Among  the 
more  striking  genera  of  this  large  and  important  order,  chiefly  natives 
of  tropical  or  subtropical  countries,  are  CallistemoUy  Melalettcay  Metro- 
sideros,  CalothamnuSy  Leptospermnniy  EucalyptuSy  Psidiuniy  MyrtuSy 
Pi?jieniay  Eugenia,  CaryophylluSy  Barringtoniay  Bertholettiay  LecythiSy 
Napoleona.'l  The  flower-buds  of  Caryopkyllus  aromaticns  of  the  Moluccas 
and  Antilles  are  the  cloves  of  commerce ;  other  officinal  products  of 
the  order  are  cajeput-oil  from  Melalettca  minor  of  the  Moluccas,  and 
kino,  the  dried  'sa^oI  Eucalyptus  resinif era  of  Australia;  Eugenia  Pimenia 
of  the  West  Indies  is  known  as  allspice.  The  wood  of  Metrosideros 
vera  of  Australia  is  the  hard  and  valuable  iron-wood.  Several  species 
of  the  Australian  genus  Eucalyptus  or  gum-tree,  especially  the  Tasmanian 
E,  globulus,  are  much  cultivated  for  the  rapidity  of  their  growth  and  the 
anti-miasmatic  properties  of  their  leaves.  The  fruit  oiPsidium  pyriferum 
is  the  guava  of  the  West  Indies;  Brazil  nuts  are  the  seeds  of  Bertkolettia 
excelsa  of  Brazil ;  the  fruits  of  Lecythis  ollaria  are  known  as  *  monkey- 
pots.* 

The  other  important  orders  of  the  cohort  are  Melasiomacece  {Mela- 
stoma);  Lythracea  {Lytkrumy  LagerstroemiaYy  Onagracece  [Epilobiumy 
Fuchsiay  jfussieua,  CircceOy  Godetiay  Clarkiay  CEnotAera);  Rhizophorcuece 
[RhizophoraYy  Combretacece  {QuisqualiSy  Combretunty  Terminalis), 

Cohort  V.  Rosales.  Flowers  usually  hermaphrodite,  regular  or 
irregular ;  carpels  one  or  more,  usually  quUe  iteem>^^\»a.^,^»\s«Jc«aRs» 
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variously  anited  afterwards  with  the  calyx-tube,   or  enclosed  in  the 
swollen  top  of  the  peduncle  ;  styles  usually  distinct  or  only  one.]  - 

Ordtr  I.  LEGUMiNOSit.  Herbs,  shrubs,  or  trees,  with  slipabtc 
leaves,  usually  alternate  and  compound.  Calyx  either  imbricate  or  val- 
Tate  in  bud,  2-lipped,  5-cleft  or  5-toothed,  the  odd  section  bang 
below ;  very  rarely  4-cleft ;  petals  equal  in  number  to  the  calyx- 
teeth,  seldom  fewer  ;  stamens  usually  double  as  many,  often  much 
more  numerous.  The  monocarpellary,  unilocular,  free,  superior  ovaiy 
develops  into  a  legume  or  lomentum,  bearings  on  its  ventral  suture  tlie 
seeds,  which  have  no  or  very  little  endosperm. 

This  very  large  and  important  order  is  divided  into  three  well-marked 
suborders,  as  follows  : — 

I.  PapUionacea.    (Figs.  514-516.)    Herbs,  shrubs,  or  trees  of  very 
various  habit,  usually  with  alternate  and  compound,  pinnate  or  digitate 
leaves.  The  petiole  has  two  stipules,  and  sometimes  each  piima  has  also  a 
stipella  ;  the  stipules  are  sometimes  transformed  into  thorns  [or  tendrils]; 
and  the  petiole  frequently  ends  in  a  tendril.     The  flowers  are  seldom 
solitary,  usually  collected  into  spikes,  racemes,  or  umbels,  but  never  in 
compound  inflorescences.  The  calyx  is  gamosepalous,  5-toothed,  and  oftett 
2-lipped  ;  the  corolla  attached  to  its  base,  and  irregular,  5 -leaved,  and 
papilionaceous.  The  two  inferior  petals  are  mostly  more  or  less  coherent 
and  form  the  ked  or  carina  (see  Fig.  253,  p.  132),  the  two  lateral  ones 
being  the  wittgs  or  alcs^  and  the  superior  the  standard  or  7)exillum.  Som^ 
times  all  the  petals  are  coherent  into  a  tube  [as  in  Trifoliuni\.     The  fila- 
ments of  the  ten  stamens  are  either  coherent  into  a  tube  [moftadelphoui] 
surrounding  the  pistil,  or  nine  of  them  form  a  tube  open  above,  the  tenth 
lying  in  front  of  the  cleft  (diadelphmis).  The  ovary  is  superior,  bearing  the 
ovules  on  its  ventral  suture  ;  usually  unilocular,  but  sometimes,  as  in 
Astragalus  (Fig.  288,  p.  142),  almost  bilocular  from  the  folding  in  of  the 
margin  of  the  carpel.  The  fruit  is  a  unilocular  capsule  {legume)^  splitting 
into  two  valves  by  both  dorsal  and  ventral  suture;  but  sometimes  nearly 
bilocular,  like  the  ovary,  or  multilocular  by  the  formation  of  masses  of 
cellular  tissue  between  the  seeds  ;  and  then  it  sometimes  breaks  up  into 
sections  by  the  contraction  of  the  pericarp  between  the  seeds,  when  it 
is  tQXTCiQdiVi  lomentum  (Fig.  516,  II.);  rarely  indehiscent,  as  in  the  sainfoin. 
The  seeds  are  usually  exalbuminous,  rarely  with  a  small  endosperm ; 
the  embryo  curved,  with  the  radicle  lying  on  the  cleft  of  the  cotyledons. 
[Among  the  more  important  genera  are  Baptisia^  Crotalaria^  Lupinus, 
Genista,  Ulex,  Cytisus,  Ononis,  Trigonella,  Medicago,  Melilotus,  Trifolium, 
AnthylliSy  Lotus,    Psoralea,    Indigofera,    Wistaria,    Robinia,    Colutea, 
Astragalus,  Oxytropis,   Glycyrrhiza,  Ornithopus,  Coronilla^  Hippocrepis, 
Hedysarum^  Onobrychis^  Adesmia,  AracHVs,  Dtsmodiuwi^  Cicer^    J/icia, 
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Lens,  Lathyrui,  Pisua,  Kenntdya,  Bulca,  Phoitoliu,  DolUhos,  Baliergia, 
Pterocarpu!,  Sepkora,  Myroiylon,  Swartzia.^  The  most  valuable 
agrEculturaJ  and  culinaiy  plants  are  Ihe  scarlet-runner  and  French  bean, 
Fkaseaius  muUijiorus  and  -uulgaris  ;  the  Reld  and  garden-pea,  Pbum 
saliuum ;  the  vetch,  Vida  taiiva ;  the   bean,   Vicia  Faba  ;  the  lentil, 


—Sweet-pea,  in/*yriiI«ijni(M;  I. 


flOT^  diagram. 


Ervum  Lais  ;  the  chick-pea,  Cicer  aritinuin  ;  the  lucerne,  Medicago 
saiiva  ;  the  sainfoin,  Onobryckis  saliva;  the  white  lupin,  Lupinus  albus; 
and  the  clovers,  Tri/olmm  pratemt,  rtftia,  avid  incamoutm,  KtBss«^ 
officinal  products  are  the  root  of  the  rest-iia,tiow,  Onow  sjAnoia^'siA. 
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the  foliage  and  inflorescence  of  the  melilot,  Mdilotus  officinalis.  Liquorice 
is  obtained  from  the  roots  of  Glycyrrhiza  echincUa  and  glabra  from 
southern  Europe  ;  several  species  of  Myroxylott  of  Peru  and  Colom- 
bia yield  balsam  of  Peru ;  the  boiled  sap  of  the  bark  of  DrepoM- 
carpus  senegalensis  is  known  as  *  kino  airicanum  ; '  gum-tragacanth  is 
obtained  from  several  species  of  Astragalus  from  Asia  Minor;  and 
indigo  from  the  East  Indian  Indigoftra  iinctoria ;  sandal-wood  is  the 

L  IL 


Fig.    515.  —  Twisted   le^me   of       Fig.  516.— I.  I-cgume  of  C«fM/a ;  u.  lanen- 
lucerne,  Medicago  sativa  (mag-  turn  of  Hedysarum  (natural  aze). 

nified). 

timber  of  Pterocarpus  santalinus  from  the  East  Indies.      [The  seeds  of 

Arachis  hypogcea  (earth-nuts)  are  eaten  in  the  West  Indies  •  ColvUsi 

arborescens  is  the  bladder-senna.] 

2.   CcBsalpiniece.     This  suborder  is  distinguished  from  the  Papiliona* 

ceae  by  the  almost  regular  not  papilionaceous  corolla,  which  is  however 

sometimes  absent,  by  the  straight  embryo,  and  by  the  ten  or  fewer 

stamens  being  all  free  (not  coherent).     They  are  always  trees  or  shrubs. 

[Important   genera  '.—  CcBsalpinia^   Hamatoxylofty    Gleditsckia    Cassia 

Ceratoniay    Bauhinia^     Cercis,    Amherstia,     Tamarindus^     Hymenaa 

Copai/era,']     This  suborder  is  entirely  extra-European,    but   yields  a 

considerable  number  of  officinal  or  economical  products.     Tamarinds 

are  the   fruit   of  the  East  Indian   Tamarindus  indica  ;  the   leaves  of 

Cassia  lanceolata  and  elongata  are   senna  ;   balsam  of  copaiba  comes 

from  several   species  of  Copai/era^    natives   of  the  West   Indies  and 

Guiana  ;  Ceraionia  Siliqua  of  the  eastern  Mediterranean  is  the  carob  * 

and  Dipteryx  odorata  of  Gxilaivai  the  poisonous  tonka-bean.      CasaJ- 

pima  echincUa  and  hrasHundi  ol^T^^5L  >j\€A^x^£^.>«^«s^^  ^'CixsNaMsSsssj^  a 
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red  colouring  principle  ;   C  Sappan  is  the  red  sappan-wood  of  Eastern 

India,  and  HumaloxyUn  campecManum  of  Central  America,  logwood.  - 

3.  Mimosia  (Fig.  517).     This  suborder  is  also  extra-European  and 

chiefly  Australian  and  East  Indian.     They  are  distin^ished  from  the 


Papilionaceae  by  Ihe  valvals  (estivation  of  the  calyx,  and  the  r^ular, 
often  gamopetalous,  corolla.      The  stamens  are  sometimes  very  nu- 
merous, and  either  coherent  or  free.      [The  leaves  are  often  replaced 
by  phyllodes,)  see  p.  91).     Principal  geneva. ■. — Mimosa,  Aemvi.    Ttft 
suborder  indudes    (he  sensitive  plants   Mimosa  fudica  ■siA  wni*™* 
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(see  p.  202),  and  the  true  Acacias.]  Gum  arable  is  obtained  from 
Acacia  Scyal,  tortiliSy  and  Ehrmbergiana^  all  natives  of  tropical  Aftka; 
*  terra  japonica,*  or  catechu,  is  the  sap  of  Accuia  Catechu  of  Bengal 
and  CoromandeL 

Order  2.  RosACEiC  The  leaves  are  stipulate  ;  the  calyx  r^ular  and 
usually  gamosepalous  and  5-partite,  the  odd  section  superior;  the  co- 
rolla regular  ;  the  petals  distinct,  attached  to  the  maigin  of  the  calyx, 
and  equal  in  number  with  its  teeth  ;  the  stamens  perigynous,  usually  maoy 
times  the  number  of  the  petals,  and  bent  inwards  in  vernation  ;  theoraiy 
sometimes  monocarpellary,  but  more  often  multicarpellaryy  the  caipeb 
being  either  free  or  coherent  with  one  another  and  with  the  calyx ;  the 
fruit  dry  or  succulent,  a  berry,  drupe,  or  a  number  of  achenes  or  follicles; 
the  seeds  exalbuminous.  This  large  and  important  order  is  again  divided 
into  suborders  : — 

I.  Pomcic.  (Figs.  518,  519).  Trees  or  shrubs  with  alternate  simpk 
leaves  furnished  with  free  deciduous  stipules.  The  flowers  are  r^ularand 


Fig.  518.  —  Longitudinal  section 
through  the  flower  of  the  pear 
(magnified). 


519.  —  Longitudinal   section  through  an 
3le  ;  c  dry  persistent  calyx-limb  ;  Klocttli 


Fig. 

with   cartilaginous  pericarp ;    t 
(reduced). 


mesocaip 


arranged  in  short  terminal  umbels,  racemes,  or  cymes,  often  corymbose ; 
the  calyx-limb  is  5-cleft  or  5-toothed,  imbricate  m  aestivation,  and  re- 
maining dry  and  persistent  on  the  fruit ;  the  stamens  numerous,  and  like 
the  five  petals,  attached  in  a  ring  to  the  base  of  the  calyx  (Fig.  518}; 
the  ovary  is  as  a  rule  5-,  more  rarely  2-  or  3-locular,  each  locnlus 
usually  containing  two  ovules  ;  styles  equal  in  number  to  the  loculi. 
The  fruit  [or  pseudocarp  (see  p.  147)]  is  succulent,  a  berry  or  pome,  or 
formed  of  a  number  of  drupes,  the  pericarp  being  thin,  cartilaginous, 
or  stony.  [Principal  genera  :—Pyrus,  Cotoneaster,  Cratcegus^  Malta, 
Sorbus,  MespUus,  Cydonia.\  Among  edible  fruits  are  the  apple  and 
pear  Pyrus  Malus  ^vA  communhy  '^^  Qjc^aKfe  C^donia  "o-ulvaru    the 


special  Morphology  and  Classification.  405 

medlar  Mispiius  germanua,   the  hawthorn  or  whitethorn   Cratn-gus 
oxyacantha,  and  ihe  mountain  ash  Sorius  aucuparia. 

3.  Rosen  (including  Sanguisorbeie,  Dryadex,  and  Spirxex)  (Figs. 
520-522).  Herbs,  shrubs,  or  trees,  usually  with  pinnate  or  digitate 
leaves,  provided  with  stipules  adherent  to  the  base  of  the  petiole.     In 


Flc.  5io.->rnn£HUDriB  uMatmlU:  1   lion-et.       Fic.  5=1,— FruiL  of  dewberry  (i?b. 

If  fruit  (DugDified).  bm  c^Hi^);    I.  natuial   <aK: 

II.  a  single  dnipel  (magnified). 

the  number  and  stnicture  of  the  parts  of  Ihe  flower  Rosex  agree  for  the 

most  part  with  Pomeje,  but  are  best  distinguished  by  the  numerous 

free  and  unilocular  ovaries,  not  adherent  to  the  calyx.     The  S-,  rarely 

4-cleft  gamosepaJous  calyn  has  a  tube  of  various  structure,  and  is  often 

surrounded   by  a  4-   or  5-clefl  epi-calyx 

or  involucre,  the  leaves  of  which  alternate 

with  the  sepals  ;  the  petals  are  perigynous 

[sometimes  warning]  ;   the  sWmens  rarely 

so  few  as  five,  usually  12  to   100,  free  and 

also   perigynous  ;  the  ovaries  mostly  with 

only    a    single    anatropous    ovule  ;    and 

the   style   usaally   more    or   less    lateral. 

[Principal  genera  ; — Rosa,  AUkemilla,  Pg- 

Irrium,   Sartguhorba,    Agrimonia,    Subus, 

Pragaria,     Grum,    Comarum,   Dryas,   Pa-    Y\c.   saa.— Floral   diagram  of 

ttiitUla,  Spiraa.'\  The  fleshy  calyx-tube  <»>«  "k.  5«  Fig.  556,  p. 
or  receptacle  of  the  rose  forms  an  edible  '^' 
pseudocaip  known  as  a  hip;  tnie  edible  fruits  are  borne  by  the  raspberry 
Rubus  Maus,  and  blackbeny  R.  fruHccsus  ;  an  edible  receptacle  or 
pseudocarp  (see  p.  146)  by  the  strawberry  .fi-u^riii  vlsca,  elaturr,a.tA 
gTandi/olia.  Oil  of  roses  is  obtained  from  Rosa  tiunchala  and  dama- 
scina  of  Asia  Minor.  The  bark  of  Quillaja  ja/ff«a™  of  Chile  is  sai^cia.. 
ceous,  and  known  as  soap-wood  ■,  the  flo-Ntis  oS.  Morgera  (mtliAw.vn*M- 
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of  Ab3rssinia  are  a  powerfiil  anthelmintic  ;  the  root  of  Geum  urhanum, 
and  of  Tormentilla  recta  are  also  officinal. 

3.  AmygdaU'jE  (or  Dnipaceae).  Shrubs  or  trees  with  simple  alter- 
nate leaves  provided  with  free  deciduous  stipules.  This  suborder  is 
distinguished  from  the  rest  of  the  order  by  the  ovary,  which  is  composed 
of  a  single  superior  carpel  not  adherent  to  the  calyx,  and  which  deve- 
lopes  into  a  drupe  (see  p.  152).  In  the  course  of  development  the  peri- 
carp becomes  differentiated  into  three  layers,  of  which  the  outermost  or 
epicarp  forms  a  more  or  less  tough  skin,  the  middle  layer,  the  mesocarp 
or  sarcocarp^  a  more  or  less  pulpy  flesh,  and  the  inner  one,  the  endocarp 
or  putamen J  a  hard  stone.  The  fruit  contains  one  or  rarely  two  seeds 
with  fleshy  cotyledons,  and  radicle  directed  upwards  (see  Figs.  220  and 
325  I.  pp.  119,  153).  [Principal  genera: — Amygdtdus^  Cerasm^ 
PersicOy  Prunus^  Armetiiaca^  This  suborder  is  marked  by  the  ten- 
dency to  form  substances  containing  hydrocyanic  acid ,  which  is  found 
especially  in  the  seeds  of  the  peach,  apricot,  cherry,  plum,  sloe 
Pmntis  spinosa^  bitter  almond,  and  in  the  leaves  of  the  cherry-laurel 
Prunus  lauro-cerasus.  Exiible  fruits  or  seeds  are  furnished  by  the 
almond  Amygdalus  communis^  peach  Persica  vulgaris^  nectarine 
P,  IceriSy  cherry,  species  of  Cerasus,  apricot  Armeniaca  zndgarisj  and 
plum  Pruntis  domestica.  [The  stem  of  many  species  yields  gum,  and 
the  wood  a  valuable  timber  for  cabinet-work. 

Besides  other  less  important  orders  belonging  to  this  lai^  cohort, 
are  Saocifragacece  [Saxifragay  ChrysospUnium,  Hoteiay  Astilbey  CunomOy 
Hydrangea^  Escailoniaj  Deutziay  Pibes,  Cepkalotus^  P*hiladelphM^ 
Pamassia)  ;  Crassulacecs  ( Ttllaa,  Cotyledon^  Crassula,  Sedum,  Sim- 
permvum,  Bryopkyilunty  Echeveria^  Umbilicus) ;  Droseraceee  {Drosera^ 
Dioncea  ;  see  pp.  163,  203). 

Division  IV.  DisciFLORiE.— ^<?/a/j  distinct  or  united^  free  or  adnateto 
the  ovary ;  petals  distinct;  disc  usually  conspicuous  as  a  ring  or 
cushion^  or  spread  aver  the  base  of  the  calyx-tube,  or  confluent  with  thi 
base  of  the  ovary ,  or  broken  up  into  glands  ;  stamens  usually  definite^ 
inserted  upon  or  at  the  outer  or  inner  bcue  of  the  disc ;  ovary 
superior. 

Cohort  I.  Sapindales.  Flowers  often  irregular  and  unisexual; 
disc  tumid,  adnate  to  the  base  of  the  cal3nc  or  lining  its  tube  ;  stamens 
perigynous  or  inserted  upon  the  disc,  or  between  it  and  the  ovary, 
usually  definite  ;  ovary  entire,  lobed,  or  apocarpous  ;  ovules  one  to  X^^ 
in  each  loculus,  usually  ascending  with  a  ventral  raphe,  or  reversed,  or 
pendulous,  from  a  \)a?>a\.  f\imcvj\\3t"5»,  xaxelY  indefinite  and  horizontal ;  seed 
usually  exalbumiivous  •,  ctcOdt^o  ol\fixv  cvwN^ek.  'sv  ^scsasv^j^t^^i,,    ^V«»bs  or 
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trees,  mostly  with  compound  leaves.  Principal  orders  ; — Sapindacea 
{Paullinia,  ^sculus,  SapinduSy  Pavia^  Acer^  Negundo^  Dodonaa^ 
Staphylea)  ;  Terebinthacece  {PAus,  Pistacia,  Mangifera,  Anacardium), 

Cohort  II.  Celastrales.  Flowers  hermaphrodite,  regular  ;  co- 
rolla h)rpogynous  or  perigynous  ;  disc  tumid,  adnate  to  the  base  of  the 
calyx-tube  or  lining  it ;  stamens  as  many  as  the  petals  or  fewer,  rarely 
twice  as  many,  perigynous  or  inserted  outside  the  disc  or  on  its  edge  ; 
ovary  usually  entire  ;  ovules  one  to  two  in  each  loculus,  erect ;  raphe 
ventral.  Shrubs  or  trees,  rarely  herbs,  usually  with  undivided  leaves. 
Principal  orders  : — Cdastracea  (Euonymus,  Elceodendron^  Celastrus, 
Hippocratia) ;  Rhamnacea  {Paliurus,  Zizypkus,  Rhamnus,  Ceatio- 
thus)  ;  Ampelidea  {Cissuiy  Vitis,  Ampelopsis), 

Cohort  III.  Geraniales.  Flowers  often  irregular ;  disc  usually 
annular,  adnate  to  the  stamens  or  reduced  to  glands,  rarely  absent ; 
ovary  multicarpellary,  S)nicarpous  or  subapocarpous;  ovules  one  to  two, 
rarely  numerous  in  each  carpel,  ascending  or  pendulous  ;  raphe  usually 
ventral.  To  this  very  large  cohort  belong  the  following  orders,  in 
addition  to  others  of  less  importance: — Linacea  {Linum,  Erythroxylon)\ 
MalpighiacecB  {Malphigia)\  Zygopkyllacea  {Tridu/uSf  ZygopAyllum, 
PagomOf  Guaiacum);  Geraniacecs  (Geranium^  Erodium,  Pelargonium^ 
TropcBoluMy  Ltmnanthes,  OxaliSy  Biophytum^  Averrhoa,  Impatiens)  ; 
Ruiacecs  {Ruta,  Dictamnus,  Peganunif  Diosma,  Barosma,  Eriostemotij 
Correoj  Zanthoxylum,  Citrus j  y^gle,  Limonia);  Simarudacea  {Quassia, 
Samadera,  Simaba^  Cneorum,  Simaruba,  Brucea^  Ailantus,  Balanites^ 
Picramnia) ;  Burseracecs  (Boswellia,  Canarium,  Balsamodendron,  Bur- 
sera^  Amyris)  ;  Meliacecs  {Melia,  Swieteniay  Cedrela,  Chloroxylon), 

Division  V.  THALAMiFLORiE.— 5'^<z/j  usually  distinct  and  separate, 
free  from  the  calyx  ;  petcUs  in  one,  two,  or  many  whorls,  hypogynous  ; 
stamens  hypogynous,  rarely  inserted  on  a  longer  or  shorter  receptacle 
or  on  a  disc  ;  ovary  superior. 

Cohort  I.  Mal VALES.  Flowers  usually  regular ;  sepals  five,  rarely 
two  to  four,  free  or  united,  valvate  or  imbricate  ;  petals  as  many  as 
sepals,  or  absent ;  stamens  usually  indefinite  and  monadelphous  ;  ovary 
3-locular  or  more,  rarely  monocarpellary ;  placentation  axile. 
.Shrubs,  rarely  herbs  or  trees,  with  alternate,  usually  stipulate,  simple 
or  compound  leaves.] 

Order  I.  MALVACEiE.  (Fig.  523.)  Herbs,  shrubs,  or  trees,  with 
simple,  alternate,  stipulate  leaves.  The  cal)rx  is  3-  to  5-cleft,  and  usually 
surrounded  by  an  epi-cal)rx  or  involucre  of  bt^jcl^  \  xXva^^Xsi^^'^^^^^^iJ^^^ 
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number  to  the  lobes  of  the  calyx,  and  contorted  in  aestivation  [while  the 
cal3rx  is  valvate]  ;  the  filaments  of  the  numerous  stamens  are  coherent  at 
their  base  with  the  petals,  and  united  into  a  tube  which  encloses  the 
superior  ovary  ;  the  anthers  are  unilocular  and  dehisce  in  a  semicircular 
line ;  the  ovary  multicarpellary,  the  carpels  arranged  round  a  central 
axis,  and  either  free  or  united  ;  the  fruit  a  capsule  or  schizocarp  ;  the 
cotyledons  of  the  straight  embryo  are  folded  together,  and  the  seed  has 
little  or  no  endosperm.  [Principal  genera  i—Malope,  Althaa,  Lavatera, 
Malvaj  Hibiscus,  Gcssypium,  Sida,  Abutilon^  Adansonia,  Bombax, 
EHodendrortj  Durio.'l  Many  plants  belonging  to  this  order  are  officinal 
on  account  of  the  quantity  of  mucilage  they  contain,  as  the  roots  of 
Althcea  officinalis^  the  flowers  of  the  hollyhock  Althcea  rosea,  and  of 
A.  sylvesitiSf  and  the  foliage  o^  McUva  rotundifolia.  Cotton  consists 
of  the  hairs  attached  to  the  testa  of  several  species  of  Gossypiuviy 
especially  G.  herbaceum,  arboreum,  and  rdigiosum,  natives  of  all  tropical 
countries.  The  baobab,  Adansonia  digitata  of  West  Africa,  is  one  of 
the  most  gigantic  of  trees.     [The  fruit  of  Durio  is  edible. 

The  other  orders  of  the  cohort  are  Sterculictcece  [Lasiopeialum, 
Buttneria,  TTieobroma,  Sterculiay  Thomasia) ;  and  Tilicuece  (Grewia, 
7Y/ia,   Triumfetta,  Corchorus,  Elaocarpus), 

Cohort  II.  GuTTiFERALES.  Flowers  regular  ;  sepals  and  petals 
each  usually  four  or  five,  imbricate  in  bud  ;  stamens  usually  indefinite  ; 
ovary  3-  to  multi-locular,  rarely  i-  or  2-locular ;  placentation  axile. 
Trees  or  shrubs,  rarely  herbs.  Principal  orders  : — Hypericacecz  {Hyperi- 
cum)', GutHferce  {Clusia,  Garctnia);  Camelliacece  {Ternstroemia,  Camellia, 
Thea,  Caraipa,  Marcgravid)',  Dipterocarpacece  {Dryobalanops,  Diptero* 
carpus,  Shorea,  Valeria). 

Cohort  III.  Caryophyllales.  Flowers  regular;  sepals  two  to 
five,  rarely  six  ;  petals  usually  as  many  as  sepals  ;  stamens  as  many  or 
twice  as  many,  rarely  more  or  fewer ;  ovary  unilocular,  or  imperfectly 
2-  to  5-locular ;  placentation  free  central,  rarely  parietal ;  ovules 
campylotropous  ;  embryo  usually  curved,  in  a  floury  endosperm.] 

C?n/«?r  I.  CARYOPHYLLACEiE.  (Figs.  524,  525.)  Herbs,  very  rarely 
shrubs,  with  simple,  entire,  opposite  leaves,  springing  from  tumid  nodes, 
and  cymose  inflorescence.  The  flowers  are  regular  and  pentamerous  ; 
the  calyx  5 -cleft  or  5-toothed,  sometimes  of  $  distinct  sepals ;  the 
corolla  of  5  distinct  petals,  which  are  often  deeply  bifid  ;  the  stamens 
10,  in  two  rows,  though  all  are  not  always  perfectly  developed,  the  five 
inner  ones  often  coherent  with  the  base  of  the  petals  ;  the  pistil  consists 
of  from  two  to  five  carpels ;  the  placentation  Is  free  central,  from  the 
original  dissepiments  breaking  away  from  the  oxitex  >n^\.  <^\  ^^  ^-vi-^x^ 
before  maturity ;  the  styles  are  free  and  ec\\ia\  vx\.  tv\mxCo«  \o  ^^  cscns^*!^ 
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divisions  of  the  ovaiy ;  the  fruit  a  capsule  dehiscing  with  teeth.  Tbe 
seeds  hive  a  Houty  endospenn,  and  a  long  curved  embryo,  which  citlm 
entirely  surrounds  the  endospenn  or  lies  on  one  side  of  it.  Somespeds 
are  moniscious,  ditecious,  or  polygamous,  from  the  abortion  of  pistilit 
ilamens.  (Principal  eenera  x—Agrosttmrna,  Silent,  Lyehnis,  CucMm, 
Vitiaria,  Saponaria,  GypwphUa,  Dianthus,  Cerastium,  SteUaria,  An- 
naria,  Alrine,  Sffrpila,}     With  the  enception  that  some  spedes  o 


IL 


saponaceous,  the  order  is  entirely  destitute  of  economic  properties  ;  bm 
many  are  grown  in  gardens  for  the  beauty  of  their  flowers. 

[The  only  other  order  of  importance  belonging  to  the  cohort  is 
Perittlacacece  l,Ci(iyii>nia,  Poriulnca,  Semvium,  MotiugoV 

Cohort  IV.  ¥ol--JGKi.KVS.^-     Y\o-«ftK  raeJaa 
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and  petals  five  each,  rarely  four  or  three  ;  stamens  as  many  or  twice  as 
many  as  petals  ;  ovary  2-locular,  rarely  unilocular  or  more ;  endo- 
sperm fleshy,  rarely  absent  Herbs,  shrubs,  or  trees,  with  exstipulale 
leaves.     Principal  order  PolygalactcE  (Polygala,  Krameria,  Stcuridaca). 

Cohort  V.  Parietales.  Stamens  definite  or  indefinile  ;  carpels 
connate  into  a  unilocular  ovary  with  parietal  placentalion,  rarely  spuri- 
ously bilocular  or  more  by  the  prolongation  of  the  placenta;  (carpels 
occasionally  free  ;  ovary  occasionally  3-locular  or  more).] 

Order  I.  PapaveracEjE.  (Fig.  516.)  Herbs  with  a  yellow  or  while 
latex.    The  sepals  are  Iwo,  distinct,  deciduous;  the  petals  four,  arranged 


Fig.  s»«.— 1.  Floral  diapam  of /"iVo 
CktUdomvm  (nan 

in  two  whorls,  r^ular  [and  deciduous] ;  the  stamens  indefinile,  free  and 
hypogynous ;  the  ovary  unilocular  or  spuriously  multilocular  ;  the  seeds 
with  a  small  straight  embryo  at  the  base  of  a  copious  endosperm  ;  the 
fruit  a  capsule,  either  bursting  into  two  valves,  and  resembling  a  siliqua 
(Fig.  526,  II,),  or  opening  by  pores,  four  to  twenty  in  number,  situated 
beneath  the  peltate  stigma  (see  Figs.  233,  294,  313,  pp.  126,  144, 
158).  [Principal  gaiaa  :  ^  Flatysleman,  Ckelidoniamy  Sanguinaria, 
Pafaoer,  EsckscAollzux,  Argemanc,  Glaucium,  MiconopHs,  Raraeria^ 
Among  officinal  products  of  the  order  are  the  foliage  of  the  larger 
celandine  Chrlidoniam  niajui,  the  petals  of  the  common  poppy  Papava- 
Rhieas,  and  the  dried  latex  of  the  onripe  capsules  of  the  o?iiim-'i«s>f¥i 
Papaver  somniferum.  The  latter  is  an  \mportKiA  a.vC\<ie  q*!  sHwit&ww 
from  Egypt,  Turkey,  [India,  and  ChinaV  vk\4\ft%  o^voan  «tA.\»iaa«™ 
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cross,  and  nsually  unguiculate  ;  the 
0  shorter  ones  tjelonging  to  an  outer 
whorl  and  opposite  to  the  carpels,  the  four  longer  ones  to  an  inner  whorl 
and  attached  in  front  of  the  placentx  (see  Figs.  200,  204,  ^ 

pp.111, 112).  The  ovary  is  superior  ;  the  fruit  as  a  rule  a  bilo- 
cular  capsule,  bursting  from  the  base  upwards  ;  if  it  is  several 
times  longer  than  broad,  it  is  termed  a  siiiqua  (Fig.  5:8, 
IL);  if  only  slightly  or  not  at  all  longer  than  broad  a  sUicuta 
(Fig.  527).  According  as  the  dissepiment  or  rifium,  when 
;  sections,  occupies  the  shorter  o 


diameter,  the  silicula  is  said  to  be  angustisept,  as  in  the  shepherd's  purse, 
Capidla  (Fig.  530,  11. 1,  or  lalisepl  as  in  Catnelina  (b'ig.  530,  in.).  Less 
often  the  siliqua  splits  transversely,  forming  a  lomtntum,  as  in  the  radish, 
Rafhanus  (Fig.  530,  IV.),  or  the  fhiit  is  a  schizocarp,  often  at  liist 
bilocular,  but  ultimately  onilocukr  tiy  the  disappearance  or  perforation 
of  the  dissepiment,  as  in  thedyer's  woad /ja/iJ(Fig.  530,  i.).  The  seeds 
are  exaJbuminous,  with  a  carved  embryo,  the  position  of  which  is  an  im- 
portant character  in  the  classification  of  the  genera  belonging  lo  the  order 
(see  p,  157).  [This  large  and  important  order  is  divided  into  several 
suborders,  and  includes  a  large  nimiljer  of  genera,  of  which  the  fol- 
lowing are  the  more  important  ■.^Matthiala,  Chdranihu!,  Nasturhum, 
Barbarm,  AraHs,  Cardamint,  Anastatka,  Lunaria,  Aulirulia,  Vaicaria, 
Alyssum,  Draia,  Cxklearia,  Sikaopitalum,  flisferis,  IWoUdlnwi., 
SisymMum,   Erysimum,  Braya,    Cam«lina,  Brasiica»  Swvajta,  E.tt*- 
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<astrum^  DiplotaxiSy  Vella^  Capi^la,  Stfubttra^  Lepiduum^  Megacvfgt^ 
Thlaifii,  Iberis^  Teesdatia^  Isath,  Myagrum^  Bumtu^  Crumie,  Cakk, 
ErucariOf  Raphanus^  Dentaria^  AUiaria,  Armaracia^  Pnn^bi\  t 
furnishes  a  large  number  of  culinary  vegetables.  The  commoa 
cabl)agc,  lirassica  oleracea^  is  the  parent-form  of  all  the  varieties,  as 
kohl-rabi,  savoy,  Brussels  sprouts,  broccoli,  cauliflower,  &c  [the  tio 
latter  forms  owing  their  peculiarity  to  a  suppression  of  the  floral  oigus^ 
and  an  abnormal  development  of  the  pedicds  of  the  inflorescenoel  Tk 
seeds  of  other  species  contain  an  oil  known  as  lape-seed  ofl.  Hk 
turnip  and  Swede  are  varieties  of  Brassica  I^apus.  Other  cafinf 
species  are  the  water-cress  Nasturtium  ojfficinaU^  and  the  guden-oes 
Lepuiium  sativum.  The  rhizome  of  CochUaria  Armoracia  b  knonas 
horse-radish  ;  the  root  of  Raphanus  satwus  is  the  common  lafii: 
mustard  is  obtained  from  the  seeds  of  Sinapis  nigrcu  [Tlie  antisoi- 
butic  properties  possessed  by  so  many  plants  belonging  to  this  onkr 
are  due  to  the  presence  of  a  principle  containing  sulphur.]  A  higc 
number  of  species  are  grown  for  the  beauty  of  the  floweis,  amoi^ 
others  the  so-called  *  rose  of  Jericho,'  Anastatica  hierocAuntica,  [The 
leaves  of  the  woad,  Isatis  ivutoriay  yield  a  blue  dye. 

The  remaining  orders  of  importance  belonging  to  the  cohort  aic 
Fumariacea  {^Hypecoum^  Dicentra^  Fumaria^  Corydalis)  ;  Cappariiu, 
(Cleoffte,  Capparis);  Resedacece  (Reseda);  Cistaceee  (Cistus  Hdia*- 
themum)  ;  ViolacecB  ( Viola^  lonidium^  Alsodeia) ;  Bixacets  (Bixa,  Ceci^- 
iospermum^  Flacourtia). 

Cohort  VI.  Ranales.  Stamens  almost  always  indefinite; 
carpels  free  or  immersed  in  the  receptacle,  very  rarely  syncarpous; 
micropyle  usually  inferior  ;  embryo  minute  in  a  fleshy  endosperm.] 

Order  I.  Ranunculace^  (Figs.  531-533).  Herbs  with  alternate,  or 
less  often  shrubs  [with  opposite]  leaves,  exstipulate  and  often  divided  and 
semi-  amplexicaul.  The  sepals  are  from  three  to  six,  [deciduous]  and  often 
petaloid  ;  the  petals  from  4  to  15,  arranged  in  one  or  more  rows, 
[some  or  all  of  them]  often  small  and  assuming  the  form  of  nectaries, 
(Fig.  533  "!•)  ;  or  the  corolla  is  entirely  absent  ;  the  stamens  ftee,  in- 
definite, and  hypogynous.  The  fruit  consists  of  an  indefinite  number  of 
one-seeded,  indehiscent  achenes,  each  representing  a  carpel  with  its 
own  style  and  stigma  [Ranunculus^  Anetnone\  or  of  several  follides, 
i.e.  capsules  opening  by  the  ventral  suture  only,  \Caltha^  Faonia,  Dd- 
phiniumy  Aconitum\  or  is  more  rarely  a  one-  or  several-seeded 
berry  \Actced\.  The  small  embryo  is  enclosed  in  a  copious  fleshy 
endosperm.  [Among  the  more  important  genera  of  this  large  order 
are  Clematis^  Tkalictrunty  Anemone^  Adonisy  Myosurus  Ranunculus 
Calthay  Hydrastis^   Trollius^  Helleborusy  Eranthisy  Nigella    Aquil^, 
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Fig.  531.— Manh  maii^old.  Catlia  talmlrii ;  I.  pan  nt  plaoE ;  II,  fruit, 
consisling  of  follicles  (oatuiat  site). 

monkshood  Aiiini/um  NapfUus,  the  seeds  of  Delfihinium  Stafkisagria 
of  Europe,  and  the  foliage  of  Aneviotit  PulsaiUla.    Many  are  poisoooos, 


m  through  flower  (cnaEnLlif 


as  the  -vanou,  species  of  Milltiorus  and  Acanilum,   and  Ranunculus 
sceitratus ,  and  a  large  otunber  are  grown  as  ornamental  plants. 


Phjuutagzcai  BitiuMy, 


Hnrnl  .llflKmni ;  III.  flowcrlninEnined;.  the  culoiinKl cafy 
n'lhiii'tTlii  ~.«1(>  or  aUi^liisrlib^vil! 


nEmaining  puiJi  bsf 


j^mdw)  I  Ai-iArfi/nr  {Strlvris,  AfaAenia,  Efiimtdium,  FodophyUu 
\'ymfti,rihf-r  (S'Hfhar,    Nymfhaxt,  Euryalt,    Vicloria,    Caiemia,  Xf 
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CHAPTER  VII. 

THE  CHANGES  WHICH  HAVE  TAKEN  PLACE  IN  THE  VEGE- 
TATION OF  THE  GLOBE  IN  THE  COURSE  OF  GEOLOGICAL 
PERIODS. 

Geology,  or  the  history  of  the  formation  of  the  earth,  proves 
that  the  distribution  of  land  and  water  on  the  surface  of  the 
globe  has  not  always  been  the  same  as  it  is  now  ;  many  dis- 
tricts which  are  now  continents  were  at  one  time  seas,  and 
vice  versA,  The  main  agent  in  carrying  away  masses  of  land 
from  one  spot  and  reconstructing  them  in  another,  has  been 
water,  either  slowly  by  gradual  action,  or  suddenly  by  mighty 
convulsions.  Some  idea  may  be  conceived  of  the  extent  of 
this  agency,  from  the  reflection  that  the  mass  of  particles  in 
a  state  of  suspension  and  solution  which  the  river  Ganges 
now  carries  down  to  the  sea  every  year  is  equal  in  bulk  to 
seventy  pyramids  as  large  as  the  largest  of  the  Egyptian 
pyramids,  that  of  Cheops.  Wherever  the  substances  that  are 
carried  down  are  deposited  at  the  bottom  of  the  sea  or  in 
sea-basins,  strata  are  formed  which  at  first  fill  up  the  un- 
evennesses  of  the  ground,  the  uppermost  layers  then  forming 
gradually  more  and  more  horizontal  deposits.  On  strata  of 
this  nature  already  in  existence  fresh  layers  of  different  sub- 
stances are  everywhere  deposited.  Such  a  stratification  of 
the  crust  of  the  globe  has  not  however  occurred  once  only 
or  a  few  times  at  one  particular  spot ;  but  at  almost  every 
place  where  the  surface  has  been  excavated  it  manifests  a 
structure  stratified  in  the  greatest  variety  of  ways. 

Nothing  is  more  natural  than  that  in  these  clianges  which 
have  taken  place  on  the  surface  of  the  earth,  multitudes  of 
plants*  should  have  become  enclosed  in  the  soft  deposits  of 

^  No  account  is  taken  in  the  sequel  of  the  preservation  of  animal 
remains. 

E  £ 
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mad,  and  their  remains  preserved  in  the  rock  which  resul 
from  the  hardening  of  the  mud.  The  soft  and  delicai 
parts  could  not  be  perpetuated  m  this  manner,  and  it 
found  in  fact  that  only  the  harder  parts,  hke  the  wood,  baii 


and  fruits,  are  preserved  {Fig.  534).  The  softer  portions 
have  been  more  or  less  quickly  decomposed  ;  although,  unilfi 
specially  favourable  conditions,  there  lias  been  some  pre^'' 
vation  even  of  them.     The  delicate  parts,  for  example,  ari 


Palceophytology,  419 

found  enclosed  in  amber,  and  even  in  diamonds,  or  have 
been  covered  up  by  the  hardening  mud,  and  have  at  least 
left  impressions  in  it,  from  which  the  form  and  even  the 
species  can  be  recognised.     The  numberless  small  cavities 
— cells  and  intercellular  spaces — ^which  are  found  in  the 
substance  of  the  plant  are  also  not  unfrequently  filled  with  a 
fluid,  the  mineral  constituents  of  which — usually  silica — be- 
come gradually  solid,  and  thus  preserve  the  structure  of  the 
plant  in  a  fossil  form,  the  organic  parts  undergoing  decom- 
position.    From  the  mode  in  which  these  impressions  and 
fossils  are  formed,  it  is  evident  that  they  can  be  found  only 
in  stratified  rocks.     The  number  and  systematic  position  of 
the  fossil  remains  obtained  in  this  manner  vary  greatly  in 
the  different  superincumbent  strata  ;  but  are  subject  to  the 
following  general  rules  : — In  the  lowermost  and  consequently 
the  oldest  strata  no  remains  of  plants  now  living  are  found. 
In  the  higher  strata  are  found  gradually  more  and  more 
highly  organised  kinds,  and  more  nearly  allied  to  those  at 
present  existing ;  this  being  most  strikingly  manifested  in 
the  uppermost  or  most  recent  beds,  in  which  a  number  of 
fossil  plants,  or  their  impressions,  are  found,  which  belong 
to  our  existing  flora.     If,  indeed,  an  attempt  is  made  to 
form,  from  the  few  remains  at  present  found,  an  idea  of  the 
entire  vegetation — not,  perhaps,  of  the  whole  earth,  but  of 
those  regions  which  have  furnished  most  material  for  ex- 
amination— the  result  may  not  differ  very  widely  from  the 
reality.     It  is  best  to  commence  with  the  oldest  strata,  from 
which  a  gradual  approach  may  be  observed  towards  the 
existing  vegetation  of  the  earth. 

In  considering  the  variety  of  the  fossil  remains  in  the 
different  strata,  special  attention  must  be  paid  to  the  changes 
which  have  taken  place  in  the  climate  of  the  earth  in  the 
course  of  the  different  geological  periods.* 

*  [In  his  Geneva  et  Species  Plantarum  Fossiliutn^  published  in  1850, 
Unger  reckoned  the  number  of  genera  and  species  of  fossil  plants  known 
up  to  that  time  as  under: — Exogens,  151  genera,  547  species;  Endo-^ 

E  E  2 
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In  reference  to  the  relative  position  of  the  strata,  and  to 
the  fossil  remains  (chiefly  those  of  animals)  found  in  them,  a 
number  oi geological  systems  are  distinguished,  which  are  again 
divided  into  groups. 

The  lowest  strata  of  the  Primary  or  Palisozotc  age  (/>. 
the  period  of  the  oldest  living  beings) — vtz,  the  strata  of  the 
Silurian  *  system — contain  the  earliest  remains  that  have 
been  preserved  of  the  vegetable  world.  Only  a  few  marine 
Algae  are  known  ;  but  others  may  have  altogether  perished, 
their  existence  being  indicated  only  by  the  occurrence  of 
carbonaceous  or  bituminous  limestone. 

In  the  Devonian  system  the  number  of  species,  genera, 
and  families  has  greatly  increased.  In  addition  to  a  con- 
siderable number  of  Algae,  the  first  land-plants  have  made 
their  appearance.  They  consist  almost  entirely  of  the  re- 
mains of  Vascular  Cryptogams,  with  a  few  Cycadeae  and 
Coniferae.  The  aspect  of  this  period,  as  also  of  that  next 
in  succession,  must  have  been  extraordinarily  uniform  and 
monotonous  ;  but  vegetable  life  had  extended  over  the  sur- 
face of  the  earth  in  a  variety  and  luxuriance  of  forms  far 
surpassing  our  existing  vegetation. 

In  the  Carboniferous  period  Ferns  attained  a  special  de- 
velopment. We  find  lofty  trees  or  shrubs  with  multipinnate 
leaves  several  feet  in  length,  forming  magnificent  groups  of 
plants,  in  the  shade  of  which  other  smaller  species  grew 
as  underwood  (Figs.  540-542).  Among  the  largest  forms 
of  which  these  forests  were  composed  were  certain  Lyco- 
podiaceae — to  which  nothing  now  existing  is  comparable 
— known  as  Sigillarice  and  Lepidodendra  (Figs.  535-539). 

gens,  43  genera,  142  species ;  Gymnosperms,  56  genera,  363  species ; 
Cryptogams,  152  genera,  1,172  species  ;•  Doubtful,  35  genera,  197 
species.  Since  that  time  the  number  of  both  genera  and  species  has  been 
enormously  increased,  especially  by  the  additions  to  the  Tertiary  flora 
made  by  Heer  and  Ettingshausen. — Ed.] 

*  [Geologists  now  distinguish  the  oldest  stratified  beds  from  the 
superimposed  Silurian  as  the  Laurentian  and  Cambrian  systems.  They 
contain  but  few  remains  of  organic  life. — Ed.] 


The  former  had  a  columnar  unbranched  stem,  zo  metres  in 
height,  and  rising  from  a  square  base  i  metre  in  diameter, 


the  bark  being  covered  with  a  number  of  longitudinal  rows  of 
diamond-shaped  leaf-scars ;  [and  it  is  now  generally  believed 


422  Structural  and  Physiological  Botany. 

that  the  fossils  known  as  Stig»iaria,  and  formerly  regarded  as 
a  distinct  plant,  are  in  reality  the  roots  of  Sigillaiia.]    The 


Fig.  540— .^"«  io^-aMhlu  Fic.  m.—Sfhrn^fliyl/um  mmiiatMrn. 

Lepidodendra,  on  the  other  hand,  had  much -branched  stems. 
30  or  more  metres  in  height,  and  4  metres  in  girth,  and 
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were  also  beautifully  marked  with  scars.  Associated  with 
these  were  gigantic  Equisetaceae  known  as  Calamites,  of 
which  those  now  existing  are  as  dwarfish  representatives 
as  the  Lycopodia  are  of  the  Sigillarias  and  Lepidodendra. 
There  existed,  however,  also  in  those  forests — the  true 
primeval  forests  of  the  earth — herbaceous  plants  (Ferns), 
such  as  Annularia,  Asterophyllum,  and  Speitophyliumy  as 
well  as  some  Monocotyledons,  Cycadeaft,  and  Coniferae ;  and 


■it  htltnpkyUa. 


even  the  number  of  species  was  quite  considerable.  The 
Sigillariffi,  Lepidodendra,  Calamites,  Asterophyllites,  and 
possibly  also  the  Tree-ferns,  attained  in  this  formation  their 
maximum  development;  in  the  succeeding  one  their  number 
diminishes.  In  connection  with  other  plants,  and  perhaps 
also  with  sea-weeds,  they  form  the  valuable  deposits  of  coal. 
In  this  form  they  have  undergone  sometimes  more,  some- 
times less  change,  no  trace  of  their  vegetable  structure 
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often  remaining,  while  the  accompanying  beds  of  eardi 
receive  their  impressions,  and  preserve  a  correct  image  of 
them.  It  frequently  happens,  however,  that  entire  stems 
have  become  fossilised  (Fig.  534,  p.  418),  and  still  show  their 
cellular  structure  in  a  wonderfully  beautiful  manner.  We 
have  no  knowledge  of  the  length  of  time  diudng  which  the 
Carboniferous  period  lasted ;  but  if  it  may  be  estimated  from 
the  thickness  of  the  deposits  of  coal,  many  authorities  would 
place  it  at  millions  of  years. 

It  is  impossible  to  suppose  that  deposits  of  coal  occurred  only  in 
the  Carboniferous  period  ;  they  are  found  in  almost  all  strata  higher 
in  the  series,  but  in  a  different  fonn.  In  the  uppermost  we  find  peat,  the 
coal -formation  of  the  present ;  below  it  is  Ignite  or  brown  coal,  bear- 
ing sometimes  a  greater  resemblance  to  peat,  sometimes  to  the  true  cod 
which  lies  beneath  it.  The  origin  of  the  latter  from  peat  is  therefore 
not  improbable,  and  in  some  cases  is  unquestionable.  The  mode  of 
formation  of  peat  must  therefore  be  first  investigated.  When  Algae  and 
other  plants  grow  undisturbed  in  perfectly  stagnant  water,  to  the  bottom 
of  which  they  fall  quietly  as  they  decay,  the  layer  of  organic  matter 
thus  formed  grows  gradually  thicker  and  thicker ;  the  reeds,  rushes, 
sedges,  and  Equiseta  retreat  from  the  shore,  the  dense  matting  of  their 
roots  gradually  advancing  farther  and  farther  on  the  muddy  soil 
Every  year  the  dead  leaves  and  stems  of  the  water-lilies,  water- Ranun- 
culi, Potamogeta,  and  Lemnae  fall  to  the  bottom  ;  the  mass  of  vegetable 
remains  and  the  roots  and  rhizomes  which  penetrate  among  them  be- 
come denser  and  denser,  and  more  and  more  space  is  constantly  taken 
from  the  water,  until  at  length  a  densely  interwoven  substance  results, 
resting  on  a  soft  layer  of  mud.  Sphagna,  Eriophora,  marsh  trefoil. 
Vaccinia,  and  other  plants,  establish  themselves  on  this  unstable 
foundation.  The  vegetable  remains  covered  in  this  way,  and  protected 
against  the  action  of  the  air,  still  decay,  but  not  so  completely  ;  they 
are  continually  losing  oxygen,  hydrogen,  and  nitrogen,  while  the 
carbon  accumulates.  The  mass  is  also  increasing  upwards  ;  for  long 
after  the  lower  parts  of  the  bog-mosses  (Sphagna)  which  take  an  es- 
pecially important  part  in  these  processes  have  died  off,  the  upper 
parts  still  maintain  a  vigorous  life,  drawing  up  the  water  from  below 
like  a  sponge.  The  substructure,  which  was  at  first  very  soft,  becomes 
therefore  gradually  denser  in  the  course  of  time,  until  at  last  a  firm  peat- 
moss is  formed  beneath  the  superficial  vegetation.  The  ground  is  how- 
ever constantly  kept  moist  by  the  peat,  and  a  luxuriant  vegetation  is 
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hence  developed  on  it,  fed  by  the  abundance  of  food-material  which  it 
contains.  As  soon  as  it  becomes  firmer,  trees  and  shrubs,  willows,, 
alders,  and  buckthorns,  spring  up  on  it,  and  finally  also  conifers  ;  but 
the  life  of  these  larger  plants  is  as  a  rule  somewhat  limited  ;  and  when 
they  are  blown  down  by  the  wind  or  fall  by  their  own  weight,  the  peat- 
moss grows  over  them,  and  in  the  course  of  years  they  become  entirely 
covered  up  by  it.  There,  excluded  from  the  action  of  the  air,  they  do 
not  decay,  the  structure  of  their  wood  being  retained  perfectly  for  cen- 
turies.    This  is  the  mode  in  which  peat  is  formed. 

Even  in  lignite  the  remains  of  plants  can  be  abundantly  recognised. 
This  is  less  the  case  in  true  coal,  and  scarcely  at  all  in  anthracite,  the 
hardest  coal  with  most  of  a  mineral  character.  It  is  often  possible  to 
determine  the  plants  which  have  contributed  to  the  formation  of  coal 
only  from  the  fossils  and  impressions  found  in  the  accompanying  beds 
of  earth.  The  exclusion  of  the  atmosphere,  and  the  pressure,  often 
immense,  which  beds  of  peat  that  have  been  flooded  and  buried 
beneath  the  surface  have  had  to  sustain  from  the  superincumbent 
layers  of  earth,  explain  their  transformation,  first  into  lignite  and  then 
into  true  coal.  In  many  beds  of  coal,  as  for  instance  those  of  Silesia, 
their  origin  from  layers  of  peat  is  sufficiently  evident ;  in  others  this 
explanation  does  not  seem  to  apply,  and  we  must  assume  that  drift- 
wood has  been  the  source  from  which  they  were  formed.  Even  at  the 
present  time  the  gigantic  rivers  of  America  tear  down  from  their  banks 
and  carry  away  trunks  of  large  trees  ;  and  when  these  trunks  have 
become  completely  saturated  by  water,  they  are  left  behind  by  the 
current,  and  sink  either  in  an  inland  lake,  at  the  mouth  of  the  river,  as 
in  the  Mississippi,  or  in  the  sea  as  drift-wood,  and  thus  form  immense  de- 
posits which  may  very  easily  be  transformed  into  coal.  But  these  trunks 
must  retain  some  traces  of  their  joumeyings,  and  must  be  intermixed 
with  the  remains  of  water-animals,  and,  when  the  deposition  takes 
place  in  the  sea,  of  marine  plants.  These  phenomena  are  in  fact  ob- 
served in  many  of  the  coal-formations  of  north  Germany,  the  produc- 
tion of  coal  having  taken  place  in  the  manner  already  indicated.  The 
formation  of  coal  from  the  deposition  of  successive  layers  of  plants  in 
primeval  forests  is  very  improbable. 

It  is  remarkable  that  after  the  Carboniferous  period  the 
luxuriance  of  vegetation  appears  to  have  diminished.  As  if 
the  earth  were  already  exhausted,  one  form  after  another 
of  the  existing  vegetation  disappears  ;  and  in  the  Permian 
series,   only  the    lower  strata,   the   New  Red   Sandstone^ 
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contain  any  quantit}*  of  plants,  and  then  chiefly  in  a  silicified 
state.  The  Magnesian  Limestone  which  rests  upon  it  con- 
tains but  very  few  vegetable  remains.  The  Permian  has 
only  one  form  in  common  with  the  lower,  and  only  a  fev 
with  the  upper  strata  of  the  Carboniferous  systenL  The 
prevalent  forms  are  still  Sigillarise,  Calamites,  Ferns,  Lepi- 
dodendra,  &c. ;  but  in  addition  are  found  Palms  and 
Cycadeae,  the  latter  order  attaining  here  their  maxinnim 
development. 

A  different  vegetation  characterises  the  Secondary  or 
Mesozoic  strata.  The  forms  characteristic  of  the  Palaeozoic 
beds,  Sigillariae,  Lepidodendra,  and  Asterophyllltes,  disap* 
pear^and  others  make  their  appearance  which  bear  a  greater 
resemblance  to  those  of  the  present  day.  The  Conifa« 
began  in  the  Devonian,  attained  a  maximum  in  the  Carboni- 
ferous, and  again  diminished  in  the  Permian  system. 

In  the  lowest  system  belonging  to  the  Secondary  strata, 
the  Trias^  Coniferae  must  have  formed  the  main  part  of  tiie 
forests  ;  while  of  Cryptogams,  so  largely  developed  in  the 
lower  rocks,  only  Ferns  remain,  those  however  belonging  to 
new,  and  partly  to  peculiar  and  highly  developed  genera. 
The  chief  forms  of  Coniferae  in  these  forests  were  species  of 
Voltzia  (Fig.  543)  and  Aibertia.  The  former  were  lofty 
trees,  not  unlike  our  Cryptomeria,  while  the  latter  had  broad 
leaves  penetrated  by  delicate  longitudinal  veins.  Wth 
them  are  associated  certain  Cycadeae  {ZamiteSy  Figs.  545. 
546)  and  water-plants,  as  well  as  Calamites  with  verticillate 
leaves,  and  gigantic  Equisetaceae,  which  may  have  clothed  the 
margins  of  the  sheets  of  water.  Of  the  three  well-characterised 
sections  into  which  the  Trias  is  divided,  the  lowest  or 
Biinter  Sandstein  contains  but  few  vegetable  remains,  the 
middle  or  Muschelkalk  scarcely  any,  and  the  uppermost  or 
Keiiper  only  a  few.  The  flora  of  the  Trias,  in  its  gigantic 
Ferns  and  peculiar  Coniferae,  bears  a  greater  resemblance  to 
that  of  New  Zealand  than  of  any  other  country  at  the  present 
rime. 
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Fig.  545— Smdi  <iS  C}cadi!ldta  mifalofliyUa  Fio.     J46.  — Uranch    of 

{Cycadez:},  from  Ponland  iJte.  Prulta.Kv.wiS.-ii^t-a^. 
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The  uniformity  of  vegetation  chaiacteristic  of  the  Carbo- 
niferous is  still  more  marked  in  the  Triassic  system. 

Next  in  succession  above  the  Trias  is  ^e  Jurassic  sji- 
tem,  which  again  is  divided  into  three  sections,  tfie  Lias,  and 
the  Lower  and  Upper  Oolite,  The  fossil  remains  found  in  this 
formation  lead  to  the  conclusion  that  the  marine  plants  of 
the  Lias  did  not  differ  essentially  from  those  of  the  present 
time  in  their  external  appearance,  although  the  species  may 
have  been  very  dissimilar.  The  case  is  different  with  the 
terrestrial  vegetation,  in  which  we  still  find  a  considerable 
coincidence  with  that  of  the  Keuper.  The  prevalent  forms 
in  the  forests  consisted  of  Cycadese,  of  which  fifty-eight 
species  have  been  described.  From  this  point,  this  beau- 
tiful form  of  vegetation,  which  in  regard  both  to  its  habit 
and  to  its  morphological  and  anatomical  structure  occupies 
an  intermediate  position  between  the  Ferns,  Palms,  and  Coni- 
ferse,  decreases,  only  a  few  species  existing  at  the  present 
time.  With  these  were  associated  numerous  Coniferse  nearly 
related  in  form  to  our  Araucarias  and  Thujc^.  The  under- 
wood of  the  forest  still  consisted  of  Ferns,  along  with  fleshy 
Fungi.  The  marsh-loving  Calamites  have  disappeared,  and 
the  Equisetacese  of  that  period  scarcely  exceeded  our  own 
in  size.  Plants  allied  to  Typhaceae,  Naiadese,  Cyperaceae,  and 
Juncaceae,  fringed  the  edges  of  the  water.  This  sketch  gives, 
however,  only  an  imperfect  idea  of  the  vegetation  of  that 
system  ;  for  its  coal  shows  that  in  magnitude  it  must  have 
resembled  that  of  the  Carboniferous  period.  The  vegetation 
of  the  Lower  Oolite  presents  no  great  difference  from  this. 
A  number  of  sea-weeds  have  been  preserved  •  the  earlier 
forms  of  Ferns  and  Cycadeae  disappear,  and  others  take  their 
place  more  nearly  related  to  those  of  the  present  time.  The 
flora  of  the  Upper  Oolite  does  not  include  any  marine  plants, 
only  a  single  freshwater  Alga,  and  in  other  families  also 
fewer  forms  than  the  Middle  period  There  would  seem  to 
have  been  an  exhaustion  of  the  earth  similar  to  that  which 
apparently  succeeded  the  Carboniferous  period. 
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In  the    Cretaceous   system    appear    the  first    dicotyle- 

•  donous  trees.      The  lowest  strata  contain  mostly  marine 

*  plants,  sea-weeds  and  sea-grasses,  with  a  few  trunks  of  a 
'  species  of  cypress  which  floated  on  the  sea  in  the  form  of 
'  drift-wood.  The  fossil  remains  of  the  Middle  Cretaceous  are 
^     much  richer.     The  Cycadese  diminish  in  numbers  ;  but  in 

!     their  place  appear  the  first  exogenous  trees,  Juglandites  and 
»     Acerites,  related  to  our  walnuts  and  maples.     Among  the 
I     Ferns,  which  had  hitherto  formed  almost  the  entire  under- 
growth of  the  forests,  rose  shrubs  allied  to  our  willows  ; 
!     alders  and  horn-beams,  Alnites  and  Carpinites^  attained  the 
!     3ize  of  trees;  and  we  find  also  allies  of  our  Myrica  or 
sweet-gale.  We  have  no  certain  knowledge  of  the  existence  of 
herbaceous  Monocotyledons  ;  but  certain  impressions  which 
bear  a  resemblance  to  lilies  or  gingers  make  it  probable. 
The  marine  and  littoral  plants  of  that  system  are  similar  in 
essential  points  to  those  of  the  Lower  Cretaceous.     The 
Upper  Cretaceous,  including  the   Chalky  affords  only  a  very 
few  vegetable  remains,  and  those  entirely  of  Algae. 

The  lowest  of  the  Tertiary  or  Cainozoic  rocks  are  the 
Eocene,  In  this  period  dicotyledonous  trees  first  begin  to 
contest  the  supremacy  with  Cryptogams  and  Cycadese,  and 
the  entire  outward  form  of  the  vegetation  approaches  that  of 
our  time.  The  lowest  strata  of  this  system  furnish  a  marine 
flora  consisting  of  sea-weeds.  This  is  succeeded  by  a 
beautiful  littoral  flora,  with  Equisetaceae,  Characeae,  and 
Naiadeae.  Land-plants  finally  appear ;  and  among  these 
palms  are  especially  conspicuous,  and  with  them  bananas, 
Myrtaceae,  Lauraceae,  and  other  exogenous  and  coniferous 
trees,  which  must,  according  to  our  present  knowledge,  have 
belonged  to  a  tropical  climate.  Remains  of  the  Ferns, 
Cupressineae,  and  Cycadeae  belonging  to  this  system  have 
been  found  in  Greenland  in  70°  N.  lat  We  know  of  no 
country  at  the  present  time  which  affords  a  similar  grouping 
of  plants  to  the  flora  of  the  Eocene  formation,  taken  as  a 
whole.      That  of  the  basin  of  the   Mississippi  probably 
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pre^Mttu  the  greatest  scnubntr  tD  k ;  bat  tfrTr  sdc  aim 
po^'rvti  of  re!fefnL>iance  to  toast  of  CssIifeoxQEr  XeirZfsIsBML 
aiwi  Au^traita. 

The  next  srstemsy  die  Mmxme  and  ./^QiiugK;.  are  se- 
jatskted  v>meirhataitHtfari]f  fromtiiepncecfin^aiidfiaDOK 
another,  if  the  floras  only  of  the  ibniiatioiis  be  coaadoed; 
the  transition  from  one  to  another,  and  finom  these  totfaepR- 
sent,  being  quite  gradual    We  find,  die  h^Jier  we  ascend  in 
tne  Tertiary  strata,  an  increasingly  greater  mmitier  of  faas 
which  indicate  a  cooler  climate.     The  tropical  plants  gradu- 
ally di.\apfKar,  and  are  replaced  first  by  subtropical  fonns; 
and  then  by  those  adapted  to  a  temperate  climate.     Esped- 
ally  m  the   Middle  Tertiary  or  Miocene  system  we  find 
large  masses  of  carbon  deposited  in  the  eardi  in  the  form  of 
Ixrds  of  *  brown   coal'  or  lignite     It   is  evident   that  die 
Ocrman  dqx>sits  of  lignite  are  almost   entirely  composed 
of  the  remains  of  Coniferae  ;  while  in  the  marls,  the  sandhr, 
loamy,  and  argillaceous  strata  which  accompany  the  lignite, 
a  number  of   the   impressions    of  exogenous   leaves  are 
always  found.     But  these  coniferous  forests  did  not  exhibit 
a  (lull  uniformity,  as  is  the  case  with  those  of  the  present 
time  ;  there  was,  on  the  contrary,  an  abundant  and  cheerful 
variety  of  forms,  as   is  seen  even  now  in  the  forests  of 
Canada  and  Asia,  though  not  to  so  great  a  degree.     There 
must  also  have  been  enormous  quantities  of  resin  exuded 
by   some   of   these   trees,   genera  resembling    Thuja  and 
CupressHs,  the  preserved  stores  of  which  are  eagerly  sought 
for  ;  tliis  resin,  hardened  by  external  conditions,  being  now 
known  as  amber.      In  addition   to  the    Coniferse   already 
mentioned,  we  find,  in  what  appears  to  be  near  the  close 
of  the   Tertiary  period,  that  the  forests  of  northern  and 
central  Europe  consist  largely  of  dicotyledonous  trees— oaks, 
beeches,  birches,  alders,  and  willows.     Plants  belonging  to 
the  Primulacex,  Scrophulariaceae,  Crassulaceae,  and   other 
existing  orders,  sprung  from  the  ground  beneath  the  trees, 
moss  and  fungi,  and  adorned  with  Rhododen- 
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drons,  Azaleas,  and  other  beautiful  bright-coloured  Ericaceae. 
Species  of  honeysuckle  formed  bushes  or  climbed  up  the 
trees,  on  which  grew  parasitic  plants  allied  to  our  mistletoe. 
In  Italy  are  found  the  remains  of  species  of  Salisburia  and 
Liriodendron^  the  allies  of  which  now  grow  only  in  Japan  and 
South  America.  Many  species  of  these  recent  formations 
probably  exist  to  the  present  day.  Up  to  the  year  1853, 
Goeppert  had  described  the  remains  of  162  plants  belonging 
to  64  genera  preserved  in  amber ;  30  of  these  he  recog- 
nised with  certainty  as  belonging  to  the  present  time, 
while  others  do  not  admit  of  a  perfect  identification. 

The  Post-pliocene^  Pleistocene^  or  Alluvial  formation  in- 
cludes deposits  believed  to  be  formed  immediately  before 
the  historic  period.  It  is  to  these  strata  that  the  remains  of 
the  mammoth,  mastodon,  and  other  gigantic  animals  belong ; 
but  the  number  of  species  of  plants  found  is  only  small, 
and  these  have  only  been  partially  determined  with  certainty. 
How  unequal  has  been  the  preservation  of  the  remains  of 
this  period  is  shown  by  the  circumstance  that  our  only  source 
of  knowledge  of  the  existence  at  that  time  of  our  pines  and 
arbor-vitae  is  the  fact  that  the  remains  of  food  found  in  the 
hollow  teeth  and  stomachs  of  mastodons  which  had  become 
enveloped  in  ice  belong  to  these  plants. 

From  these  Alluvial  formations  we  pass  to  the  present 
age,  with  its  forests,  meadows,  steppes,  deserts,  seas,  lakes, 
and  marshes,  each  of  which  has  its  peculiar  flora  and  its 
special  physiognomy.  Among  the  endless  variety  of  species 
of  plants  by  which  this  latter  is  determined  there  are  a 
certain  number  of  leading  forms  which  arrest  the  atten- 
tion of  the  observer.  Among  these  are  Hymenomycetous 
Fungi,  Lichens  and  Algae,  Mosses  and  Lycopodiaceae,  Ferns 
and  Equisetaceae,  Coniferae,  Cycadeae  and  Palms,  Grasses, 
bulbous  plants,  Agaveae  and  Aloineae,  Scitamineae  and 
Musaceae,  Aroideae,  Orchideae,  lianes,^  Casuarinaceae,  willows, 

»   Climbing  or  twining  plants,  mostly  tropical,  and  often  with  ten- 
drils, Passifloraceae,  Bignoniaceoe,   Aristolochiaceje,  reeds,   palms,  &c., 
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Cupuliferae,  Encaceae,  Myrtaceae,  Melastomacese,  Lauraceae, 
Composite,  Umbelliferae  [Labiatss,  Cniciferae,  MmulaceaeJ 
Cactacese,  arborescent  Euphorbiaceae,  [Mesembryanthe- 
maceae],  [figs],  Malvaceae,  Mimoseae,  and  Nymphseaceae. 


CHAPTER  VIIL 

BOTANICAL  GEOGRAPHY. 

Botanical  Geography  treats  of  the  distribution  of  plants 
on  the  surface  of  the  earth  ;  it  collects  the  plants  of  any  par- 
ticular country  into  a  Flora,  and  investigates  the  causes, 
operating  either  at  the  present  time  or  in  the  past,  which 
have  led  to  each  species  acquiring  its  special  habitat,  and 
have  resulted  in  only  a  few  plants— termed  cosmopolitan- 
becoming  distributed  over  the  whole  globe,  or  even  over  a 
large  part  of  it^ 

The  earth  does  not  everywhere  produce  those  plants  which  ait 
especially  adapted  to  each  particular  region.  If  this  had  been  the  case, 
the  same  species  would  be  constantly  met  with  in  widely  separated 
countries  that  enjoy  a  similar  climate,  and  no  immigration  of  foreign 
plants  would  take  place,  such  as  often  happens  before  our  eyes.  Each 
species  has,  in  fact,  become  disseminated  only  at  particular  spots  •  it  has 
its  centre  of  distribution  at  the  spot  from  whence  it  originally  sprang ; 
but  the  limits  of  these  centres  are  often  obscure,  because  plants  ha« 
found  conditions  suitable  for  their  existence  outside  these  bounds  and 

feebly  represented  by  our  grape-\dne,  ivy,  hop,  honeysuckle,  [Convol- 
vulus], &c. 

•  The  phyto-geographical  map  at  the  end  of  the  volume  must  be 
consulted  in  connection  with  this  chapter.  It  indicates  the  boundaries 
of  the  twenty-four  phyto-geographical  regions  adopted  by  Grisebach  in 
his  *  Vegetation  der  Erde,'  each  region  being  coloured  uniformly.  The 
regions  of  a  more  generally  wooded  character  are  coloured  green  and 
dark  blue,  the  steppes  and  deserts  yellow  and  red,  while  th<Se  regions 
which  have  no  special  character  of  their  own  are  of  some  other  c^oor. 
[The  statements  of  Grisebach — on  whose  work  the  whole  of  this  chapter 
is  founded— are  somewhat  too  unqualified,  both  with  regard  to  the  boun- 
daries between  the  regions  and  to  the  characters  which  distinmiish  them 
from  one  another. — Ed.  ]  ^ 
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have  thus  occupied  more  and  more  ground  by  migration.  All  plants 
are,  however,  not  equally  capable  of  migration  ;  if  this  were  the 
case,  the  strongest  would  everywhere  have  replaced  the  rest,  and  have 
occupied  the  whole  of  the  space  devoted  to  vegetation.  The  unlimited 
distribution  of  plants  is  also  prevented  by  seas,  deserts,  mountain- 
chains,  differences  of  climate,  and  even  by  the  existence  of  other  plants 
and  animals. 

A  natural  flora  results  from  the  interchange  of  a  number  of  forms 
belonging  to  different  centres  of  vegetation,  and  their  union  into  a  whole 
with  definite  characters.  The  limits  of  such  a  flora  are  determined 
by  climate,  or  by  the  hindrance  to  the  distribution  of  species  afforded 
by  a  broad  ocean  or  other  obstacle  ;  and  these  floras  are  the  more  natural 
the  more  sharply  they  are  defined,  and  the  less  their  aboriginal  inhabi- 
tants have  mingled  with  immigrant  forms.  The  most  effectual  hindrance 
to  this  intermingling  is  presented  by  the  ocean.  Almost  as  completely 
the  great  Sahara  separates  the  flora  of  tropical  Africa  from  that  of 
the  Mediterranean  region  ;  and  the  forest-region  of  equatorial  America 
is  an  insurmountable  obstacle  to  the  migration  of  the  native  plants  of 
the  grassy  plains  of  Venezuela  and  Brazil.  The  chief  factor,  however;, 
in  the  separation  of  floras  is  difference  in  climate. 

The  comparison  of  different  floras,  and  of  the  regions  to  which 
they  belong,  brings  out  the  law  that  the  species  of  a  genus  or  the 
genera  of  an  order  are  the  more  nearly  related  to  one  another— in  other 
words  more  closely  resemble  one  another — the  less  the  distance  between 
their  centres  of  distribution,  or  the  more  similar  the  climates  of  these 
centres.  It  is  scarcely  possible,  for  example,  to  have  greater  differences 
of  climate  than  those  which  subsist  between  the  base  and  the  summit  of 
lofty  mountains  ;  and  yet  the  vegetable  productions  of  the  most  ele- 
vated regions  not  unfrequently  bear  the  closest  systematic  relationship 
to  those  of  the  warm  valleys  out  of  which  the  mountain  rises  ;  a  phe- 
nomenon which  suggests  the  supposition  that  the  plants  of  the  heights 
have  ascended  from  the  valleys,  and  have  adapted  themselves  to  the 
new  vital  conditions  as  far  as  was  necessary  to  their  perpetuation.  But 
the  transitions  from  one  species  to  another  which  might  be  expected 
in  the  gradually  ascending  mountain  regions  are  most  commonly  want- 
ing ;  the  Alpine  species  make  their  appearance,  and  those  of  the  plains 
disappear,  suddenly,  at  particular  elevations.  Contiguity  of  locality 
is,  however,  except  in  the  case  of  mountain-ranges,  usually  accompanied 
by  resemblance  in  climate.  But  there  are  also  resemblances  of  climate 
without  geographical  contiguity  ;  and  allied  genera  or  species  appear  in 
the  most  widely  separated  regions,  if  their  climate  is  similar.  Well- 
known  examples  of  this  fact  are  furnished  by  the  beeches  of  Jaijajo. 
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and  the  Straits  of  Magellan,  and  by  the  heaths  of  the  Cape  of  Good 
Hope  and  of  western  Europe. 

Since  one  of  the  main  problems  of  phyto -geography  is  the  inves- 
tigation of  the  means  by  which  a  plant  ensures  its  existence,  a  physio- 
logical system  may  be  contrived,  according  to  the  plan  proposed  by 
i{uml)oldt,  m  which  those  organs  of  a  plant  which  serve  for  the  main- 
tenance of  Its  life— in  other  words  its  habit— are  first  taken  into  account ; 
these  characters  determining  to  a  great  extent  the  natural  features  of 
the  vegetation.  A  certain  connection  can  indeed  usually  be  recognised 
between  the  external  form  of  the  vegetation  and  the  climatal  conditions 
which  determine  its  geographical  distribution.  On  this  plan  the  vege- 
table kingdom  may  be  divided  into  the  seven  following  classes:— 
I.  WcKxly  plants  ;  2.  Succulent  plants,  such  as  the  cacti  ;  3.  Climbing 
plants  (lianes)  ;  4.  Parasites  or  epiphytes,  like  the  mistletoe  ;  5.  Her- 
baceous plants  ;  6.  Grasses  ;  7.  Cellular  plants  j  and  each  of  these 
groups  may  be  divided  into  a  greater  or  smaller  number  of  sections. 

In  order  to  obtain  an  idea  of  the  entire  vegetation  oi 
the  globe,  the  surface  of  the  earth  has  been  divided  by 
Grisebach  into  twenty-four  natural  floras,  or  regions  of  vegt- 
tatiom  Each  of  these  floras  is  again  subdivided  into  zones, 
the  phyto-geographical  character  of  which  is  determined  by 
its  elevation  above  the  sea-level ;  a  succession  of  zones  being 
thus  obtained,  until  at  length  the  line  of  perpetual  snow 
sets  a  limit  to  almost  all  vegetable  life. 

The  determining  conditions  and  the  actual  boundaries 
of  these  floras  are,  however,  at  present  but  imperfectly 
known,  [and,  indeed,  any  such  division  must  be  considered 
as  very  inadequately  representing  the  endless  variety  and 
complexity  of  nature.  In  all  such  classifications  there  is  a 
definiteness  and  sharpness  of  outline,  which  is  really  an 
inherent  logical  defect  of  all  classifications  of  natural 
phenomena,  rather  than  a  representation  of  anything  that 
has  an  exact  counterpart  in  nature].  The  districts  charac- 
terised by  the  occurrence  of  similar  forms  and  often  identical 
species,  occupy  as  a  rule  lower  zones  of  elevation  with  an 
increase  in  the  latitude  [north  or  south],  and  advance  from 
elevated  regions  in  lower  latitudes  to  less  elevated  regions 
in  higher  latitudes.     Thus  a  number  of  species  of  the  Swiss 
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and  Italian  Alps  occur  at  a  much  lower  elevation  on  the 
mountains  of  Norway  and  in  Lapland  ;  and  plants  found 
above  the  snow-line  on  Mont  Blanc  belong  also  to  the  Arctic 
flora.  The  floras  of  mountain  and  of  Arctic  regions  never- 
theless exhibit  some  considerable  differences. 

At  the  base  of  the  mountains  of  the  equatorial  zone,  from 
the  sea-coast  to  the  height  of  about  630  metres,  the  external 
conditions,  and  therefore  also  the  character  of  the  vegeta- 
tion, are  similar  to  those  of  the  plains.     This  is  the  zone  of 
palms  and  bananas.     It  is  followed,  as  far  as  a  height  of 
1,300  metres,  by  the  zone  of  tree-ferns  and  figs.     In  India 
these  lofty  trees  are  covered  by  multitudes  of  Piperaceae, 
Aroideae,  and  Orchideae.  In  the  islands  of  the  southern  ocean 
the  figs  are  replaced  by  arborescent  Urticacese;  and  the 
valuable  Cinchoneae  are  characteristic  of  the  South  American 
region.      In   the  zone   of  myrtles  and  laurels,  which  suc- 
ceeds as  far  as  a  height  of  1,900  metres,  trees  with  thick 
shining    leaves   are  predominant,  Myrtaceae,  Camelliaceae, 
Magnoliaceae,  and   others ;  but  the  Acacias  and  Ericaceae 
also  attain  here  their  maximum  development,  and  evergreen 
oaks   are   very   abundant.      The   laurels   occur   especially 
towards  the  upper  limit  of  this  zone,  and  are  found  also 
abundantly  in  the  next,  that  of  evergreen  trees,  which  ex- 
tends from  about  1,900  to  2,500  metres.     Next  comes  the 
zone  of  trees  with   deciduous  foliage,  which  extends  to  a 
height  of  about  3,200  metres,  and  under  the  tropics  is  seen 
only  on  the  elevated  plains;  and  a  luxurious  arborescent 
exogenous  vegetation  scarcely  reaches  beyond  2,800  metres. 
At  this  point  a  variety  of  Coniferae  make  their  appearance, 
such  as  with  us  are  intermingled  with  the  exogenous  trees. 
From  3,200  to  3,800  metres  is  the  zone  of  Coniferae,  and  from 
that  to  4;  500  metres  that  of  Rhododendrons.  Lofty  trees  now 
disappear,  and  are  replaced  by  luxuriant  meadows  and  pas- 
tures, among  the  brilliant  herbaceous  vegetation  of  which 
Rhododendrons  and  Azaleas  are  conspicuous,  not  only  by 
their  shining  coriaceous  leaves,  but  also  by  their  vcl^j^>k&>kj^\\>^ 
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clusters  of  flowers,  often  of  gigantic  size.  The  eighth  and 
last  zone,  that  of  Alpine  herb«,  extends  from  the  elevation 
of  4,500  metres  to  the  limits  of  perpetual  snow.  Here  are 
found  chiefly  low-growing  perennial  plants  with  woody 
roots,  a  small  amount  of  foliage,  and  comparatively  laige 
brightly-coloured  flowers ;  and  almost  all  the  herbaceous 
plants  are  marked  by  containing  resinous  and  bitter  substances 
The  Alps  and  other  mountains  of  Central  Europe  pos- 
sess, on  the  other  hand,  only  six  phyto-geographical  zones 
The  zone  of  fruit-trees,  that  of  the  spurs  of  the  moun- 
tains, rises  on  an  average  to  about  660  metres.  The  apple 
and  the  grape-vine  usually  ascend  to  this  elevation,  while  the 
walnut  reaches  as  high  as  to  1,000  metres.  In  this  zone  the 
vegetation  of  the  plain  is  predominant ;  the  woods  consist 
mainly  of  beeches,  birches,  alders,  larches,  and  pines,  and 
the  upper  limit  of  the  oak  occurs  here.  The  zone  of  beeches, 
or  the  lower  mountain  zone,  extends  in  the  Alps  to  a  height 
of  1,500  metres,  in  the  Sudetes  of  Silesia  to  1,000,  and  in  the 
Hartz  mountains  only  to  600  metres.  The  birch,  the  syca- 
more, the  service,  the  hazel-nut,  the  wild  cherry,  and  many 
herbaceous  plants,  such  as  species  of  Lamium^  Plantago^  Ar- 
temisia^ TaraxacufHy  Asperula^  and  Chrysanthemum  attain 
their  upper  limit  here,  and  disappear  with  the  beech.  At  the 
same  time  we  reach  the  lower  limit  of  jRhododendron^ 
Gentiana,  Primula,  &c.  The  zone  of  pines,  or  the  upper 
mountain  region,  reaches  in  Switzerland  an  elevation  of 
1,800,  in  the  Sudetes  of  1,500,  and  in  the  Hartz  mountains  of 
1,000  metres.  Here  we  have  the  upper  limit  of  the 
spruce  fir  and  larch,  while  the  Rhododendrons  attain  their 
maximum  development.  Pinus  Mughus  and  Cetnbra  fonn 
great  forests  in  this  zone  of  the  Alps,  extending  also 
into  the  next  in  succession,  the  lower  Alpine  region.  This 
ascends  to  the  upper  limit  of  Pinus  Mughus^  an  elevation 
of  about  2,300  metres.  In  the  granitic  Alps  of  Switzerland 
this  tree  is  often  replaced  by  the  green  alder.  This  is  also 
me  highest  limit  of  animal  life  in  the  Alps ;  only  a  few 
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species  being  found  at  a  greater  height.  The  zone  of  Alpine 
herbs,  or  the  upper  Alpine  zone,  extends  to  the  limit  of 
perpetual  snow,  2,800  or  3,000  metres.  Of  woody  plants 
this  zone  has  only  the  dwarf  willows,  with  perhaps  a  few 
Rhododendrons,  the  beautiful  mountain  heath,  Erica  car- 
nea^  and  the  single  Azalea  found  in  the  Alps,  A,  procumhens. 
In  the  zone  of  Cryptogams,  or  the  snow  region,  above  the 
limit  of  perpetual  snow,  all  phanerogamic  vegetation  has 
disappeared  ;  only  Mosses  and  Lichens  are  still  found,  and 
the  *  red-snow,'  Protococcus  nivalis^  temporarily  colours  the 
white  tracts  of  snow. 

It  will  illustrate  how  the  distribution  of  plartts  in  altitude  is  modi- 
fied by  local  circumstances,  to  mention  that  in  the  northern  Alps  the 
upper  limit  of  the  cultivation  of  the  grape-vine  is  500  metres,  in  the 
central  Alps  600,  while  in  the  groups  of  Monte  Rosa  and  Mont  Blanc  it 
ascends  to  900  metres. 

REGIONS  OF  VEGETATION. 

I.   The  Arctic  Region, 

The  Arctic  flora  embraces  those  regions  of  the  extreme 
north  which  lie  beyond  the  polar  limits  of  the  forests.  Its 
character  is  determined  by  the  shortness  of  the  period  of 
vegetation,  and  the  comparatively  low  temperature  during 
this  period.  The  plants  belonging  to  it  must  be  able  to 
undergo  a  period  of  hibernation  of  at  least  nine  months 
each  year.  The  portion  of  them  which  rises  above  the  sur- 
face is  comparatively  small,  and  their  underground  stems 
are  almost  always  perennial ;  annual  plants  are  almost  en- 
tirely wanting.  Hepaticse,  Lichens,  Grasses,  and  Cyperaceae,  a 
few  shrubs  and  sub-shrubs — willows,  birches,  and  Vacciniaceae 
— as  well  as  evergreen  Rhododendrons  and  Andromedas, 
form  the  flora  characterised  [in  part]  by  the  size  and  bril- 
liant colour  of  its  flowers.  There  are  no  cultivated 
plants.  In  this  region  occur  the  *  Tundren,'  broad  plains 
covered  with  Mosses  and  Lichens.  The  Mosses  are  partial 
to  moisture,  and  hence  form  .the  *  moist  Tundren ; '    tke. 
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brown,  black,  gray,  or  yellow  Lichens  grow,  on  the  contrary, 
on  the  sandy  products  of  the  decomposition  of  masses  of 
granitic  rock,  and  form  the  *  dry  Tundren.'  These  latter 
furnish  food  for  animals,  and  are  therefore  more  valuable 
than  the  former. 

2.  The  Eur opceO' Siberian  Forest-Region, 

The  general  climatic  character  of  this  region,  which  gives 
rise  to  the  uniform  nature  of  its  vegetation,  is  the  uniform 
average  temperature  of  its  entire  vegetative  period,  and  the 
absence  of  a  rainless  season  to  interfere  with  the  growth  of 
its  trees.  Combined  with  these  is  a  condition  peculiarly 
favourable  to  its  arboreal  vegetation,  a  period  of  activity 
always  amounting  to  more  than  three  months  in  each  year, 
which  distinguishes  it  from  the  Arctic  Region ;  while  the 
permanent  moisture  of  the  ground  from  constant  rainfall, 
separates  it  from  the  steppes  which  lie  to  the  south  and  from 
the  Mediterranean  district. 

On  the  borders  of  the  ocean,  especially  on  the  Atlantic 
coasts,  the  sea  produces  an  effect  on  the  climate,  moderating 
both  the  cold  of  winter  and  the  heat  of  summer,  and  thus 
producing  a  mild  maritime  climate,  in  contrast  with  the  more 
widely  extended  continental  climate.  The  longer  duration 
of  the  period  of  vegetation,  and  the  gradually  increasing 
temperature  of  the  summer,  are  noticeable  in  passing 
through  this  region  from  north  to  south. 

I'here  are  also  large  tracts  of  country  in  which  the 
forests  have  been  made  to  yield  to  cultivation,  and  which 
render  the  general  term  for  the  region  somewhat  inapplicable. 
This  clearing  of  the  forests  in  Europe  has  also  made  the 
climate  more  continental  by  diminishing  the  rainfall. 
This  destruction  of  forests  alters  the  climate,  not  only  because 
the  trees  shade  the  ground  and  hence  keep  it  cooler,  but 
also  because  they  retain  in  the  soil  and  in  their  tissue  larger 
quantities  of  moisture,  which  are  gradually  restored  to  the 
atmosphere  by  tiavis^mXioTi* 
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Dependent  on  these  conditions,  the  whole  of  this  forest- 
region  from  the  Atlantic  to  the  Pacific  Ocean  may  be 
divided  into  seven  zones  : — i,  the  French  zone  of  the  sweet 
chestnut  ;  2,  the  German  zone  of  Finns  Picea )  3,  the 
Hungarian  zone  of  Quercus  Cerris ;  4,  the  central  Russian 
zone  of  exogenous  forests ;  5,  the  northern  zone  of  Coni. 
ferae ;  6,  that  of  Quercus  mongolica ;  and  7,  that  of  Betula 
Ermani, 

Among  all  the  forest-trees  of  Europe  the '  beech  is  the 
most  characteristic  of  a  maritime  climate ;  but  the  zone  of 
the  beech  passes  gradually  into  those  of  the  chestnut,  Pinus 
Picea,  and  Quercus  Cerris,  These  three  zones  correspond 
to  particular  districts  of  the  maritime  climate  characterised 
by  the  difference  in  mean  temperature  between  the  coldest 
and  warmest  months  of  the  year.  In  the  first  zone,  the 
mean  monthly  temperature  varies  between  i2°'5  and  r  7^*5  C.  ; 
in  the  second  between  i7°-5  and  22°'5  ;  and  in  the  third 
between  22°*5  and  23°*5  C.  The  characteristics  of  the 
central  Russian  zone  of  exogenous  trees,  of  the  northern 
zone  of  Coni  ferae,  and  of  that  of  Quercus  mongolica^  depend 
on  their  continental  separation  from  the  influence  of  the 
ocean.  The  broad  girdle  of  forests  of  the  Russian  lowlands, 
which  consist  mainly  of  oaks,  is  limited  on  the  north  by  the 
decreasing  temperature,  on  the  east  by  the  insurmountable 
barrier  of  the  Ural  mountains.  To  the  north  of  it  is  found 
therefore  a  belt  of  Conifers — pines  and  larches — accornpanied 
by  birches,  which  reaches  to  the  Arctic  Region,  and  across 
the  Ural  through  Siberia,  till  at  length  it  reaches  the  Amoor 
.  and  the  sea-coast  of  Ochotsk.  The  zone  of  the  Amoor  or 
northern  Mantschuria  has  a  completely  continental  cha- 
racter. The  trees,  among  which  Quercus  mongolica  is  the 
most  characteristic,  belong  for  the  most  part  to  European 
genera,  but  to  peculiar  species  ;  the  Siberian  Coniferae  occur 
here  only  on  the  mountains.  The  last  zone,  that  of  Betula 
Ermani,  owes  its  peculiarity — a  long  period  of  vegetation 
with  a  diminished  summer  temperature — to  the  iiev^^!>feiiwst- 
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hood  on  the  one  hand  of  Siberia  and  on  the  other  hand  of 
the  sea. 

Among  the  cultivated  crops  of  this  region  the  most  re- 
markable are  the  potato,  apple,  grape-vine  [and  the  cereal 
grasses].  Of  the  latter  barley  extends  the  farthest  to  the 
north,  accompanied  by  the  potato.  In  Europ)e  generally  the 
cereals  vary  with  the  geographical  latitude  ;  barley  in  the 
north,  then  rye  [and  oats],  and  wheat  in  the  southern  parts. 
The  apple  and  grape-vine,  on  the  contrary,  are  more  de- 
pendent— at  least  at  their  northern  limits — on  direct  sun- 
shine, and  in  consequence  flourish  there  only  in  the  most 
sunny  localities.  Special  mention  must  be  made  of  the 
turf- forming  grasses,  and  the  meadows  which  they  produce, 
found  to  the  same  extent  in  none  of  the  neighbouring 
regions;  heaths,  moors,  and  alder-fens  are  also  almost 
peculiar  to  this  region. 

3.  The  Mediterranean  Region. 

The  most  important  peculiarities  of  the  climate  which 
determine  the  flora  of  this  region  are  the  rainlessness  of  the 
summer  and  the  mildness  of  the  winter.  While,  therefore, 
in  the  forest-region  the  chief  development  of  vegetation 
takes  place  in  the  warmer  portion  of  the  year,  in  the  countries 
which  border  the  Mediterranean,  on  the  contrary,  plants 
grow  during  the  spring,  remain  stationary  during  the  dry 
period  of  summer,  and  renew  their  growth  under  the  influ- 
ence of  the  autumn  rain.  This  peculiarity  shows  itself  on 
the  mountainous  border  of  the  region,  and  in  the  neighbour- 
hood of  the  Sahara ;  but  is  fully  developed  only  on  the  shores 
of  the  Mediterranean.  The  flora  of  the  elevated  plains  and 
mountains  indicates  an  approximation,  sometimes  to  that  of 
the  steppes,  sometimes  to  that  of  the  forest-region,  sometimes 
to  Alpine  and  Arctic  forms. 

Agriculture  has  here  this  advantage  ;  that  the  same  plot 
of  ground  will  produce  several  crops  in  one  year,  but  often 
only  by  carefully  le^ulaled  irrigation.  The  olive  is  a  specially 
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characteristic  product  of  this  region;  the  further  one- advances 
south,  the  greater  is  the  number  of  plants  cultivated  for  food 
or  for  some  other  useful  quality.  Along  "with  cereals,  the 
grape-vine  and  olive,  are  found  the  mulberry,  maize,  millet, 
rice,  water-melon,  orange,  fig,  cotton,  and  even  the  date- 
palm,  sugar-cane,  plantain,  and  batatas.  Many  of  these 
plants,  as  well  as  the  Indian  fig  (Opuntia),  agave,  and  aloe, 
grow  in  this  region  only  under  cultivation.  One  of  its 
peculiarities  is  the  great  abundance  of  evergreen  trees — the 
laurel,  myrtle,  oleander,  olive,  evergreen  oak,  &c. — as  well  as 
of  thorny  shrubs.  These  latter  often  cover  wide  tracts,  to 
the  exclusion  of  almost  all  other  vegetation,  frequently  form- 
ing dense  thickets. 

4.   T/ie  Steppe  Region, 

This  region  stretches  from  the  mouth  of  the  Danube  to 
the  affluents  of  the  Amoor  ;  from  the  central  Volga  to  the 
coast  of  the  Persian  Gulf  and  the  crests  of  the  Himalayas.  The 
gradual  rise  of  the  ground  from  the  basin  of  the  Caspian  Sea 
to  the  Asiatic  highlands  neutralises  the  approach  towards  the 
equator,  amounting  to  27°  of  latitude.  Throughout  this  im-  . 
mense  region  there  prevails  a  uniform  alternation  of  three 
periods  in  the  year ;  the  severe  and  protracted  winter  is 
followed  by  a  short  spring,  and  this  by  a  rainless  burning 
summer,  which  is  succeeded  almost  immediately  by  the 
snow-fall  of  winter.  It  is  only  the  short  spring  that  is 
favourable  to  the  growth  of  vegetation.  The  peculiar  plants 
of  the  steppes  have  therefore,  in  some  cases,  a  short  existence, 
in  others  special  means  of  protection  against  the  drought  . 
of  summer.  Among  the  most  characteristic  forms  of  vege- 
tation are  plants  with  bulbous  underground  stems,  yielding 
a  volatile  oil,  or  covered  with  spines  or  hairs.  The  dif- 
ferent kinds  of  steppes — grass,  salt,  and  sand — maintain 
peculiar  forms  of  vegetation  ;  trees,  or  even  shrubs,  occur 
only  where  vegetable  life  is  aided  by  abundance  of  water 
or  artificial  irrigation.   Of  cultivated  plants,  tvc^,  c«»\.\.wv^  -a:^^ 
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sesame  thrive ;  but  fruit-trees  need  protection  against  the 
cold  of  winter. 

5.  T/ie  CAinO' Japanese  Region. 

The  Chinese  lowlands,  including  the  Japanese  archipelago, 
have  the  advantage  over  Europe  of  a  more  regular  distribu- 
tion of  the  rainfall.  This  is  in  consequence  of  the  monsoons, 
which  extend  as  far  as  40°  or  even  45®  N.  lat.,  and  cause  a 
rainy  period  in  the  spring.  The  extremely  regular  succession 
of  seasons  which  results  is  favourable  to  a  careful  garden-like 
agriculture,  the  chief  crops  being  wheat,  cotton,  indigo,  the 
sugar-cane,  and  orange,  but  especially  rice,  the  mulberry,  and 
the  tea-tree.  There  are  no  meadows  or  fodder-crops.  The 
aboriginal  vegetation  has  been  driven  back  to  the  high- 
lands. A  characteristic  of  the  native  flora  is  the  large  number 
of  trees  and  shrubs,  many  of  them,  like  the  Camellia,  ever- 
green. 

6.  TJie  Indian  Monsoon  Region^ 

This  region  is  not  characterised  by  any  special  climatal 
Conditions,  but  only  by  the  general  phenomena  of  the  tropics. 
Growth  takes  place  exclusively  in  the  rainy  season.  Accord- 
ingly as  the  monsoon  is  a  land-  or  a  sea-breeze,  is  it  dry  or 
moist ;  and  the  monsoon  region,  in  fact,  includes  every  de- 
scription of  climate  which  is  possible  within  the  tropics. 
On  its  northern  border,  for  example,  its  conditions  approxi- 
mate to  those  of  the  temperate  zone ;  and  at  the  foot  of  the 
Himalayas  there  is  an  immediate  transition  from  the  desert 
landscape  to  the  most  luxuriant  tropical  forests.  Besides 
the  gigantic  forests,  characteristic  forms  of  vegetation  are 
presented  by  the  savannahs  and  the  jungles.  Among  the 
prominent  features  of  the  flora,  of  this  region  are  palms, 
bamboos,  and  tree-ferns;  the  banyan,  Ficus  indica^  which 
emits  aerial  roots  from  its  branches  to  the  ground ;  man- 
groves, wVilch  pv\\.  0M\.  xoo\s.  ^\cim  Oie  seeds  while  they  still 
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remain  in  the  fruits  attached  to  the  branches,  and  thus, 
like  the  banyan,  can  produce  a  group  of  trees  from  a  single 
individual ;  laurels,  teak- trees,  lianes,  numerous  beautiful 
Orchideae,  Nepenthacese,  and  Nyraphaeacese.  The  most 
important  food-plant  is  rice.  Cotton,  the  opium-poppy, 
ginger,  sesame,  and  indigo  are  also  widely  cultivated  crops. 
Among  fruit  trees  and  useful  shrubs,  the  coifee-plant  is 
grown  in  Java,  cinnamon  in  Ceylon,  the  nutmeg  and  clove 
in  the  Moluccas,  the  bread-fruit  and  the  cocoa-nut-palm 
in  the  South  Sea  Islands,  camphor  in  Borneo,  pepper  in 
Malabar  and  Siam.  In  addition  the  plantain,  orange,  and 
other  sweet  fruits  are  universal. 


7.  The  Sahara, 

This  IS  the  region  of  the  unchecked  prevalence  of  the 
trade-winds  in  northern  Africa,  northern  Arabia,  and  southern 
India,  and  is  almost  rainless.  Any  vegetation  is  possible 
only  from  the  occasional  occurrence  of  thunderstorms  or 
dew,  or  from  the  rainfall  of  adjoining  regions  being  carried 
underground  as  surface-water,  and  giving  rise  to  springs  or 
wells.  But  it  is  scarcely  conceivable  that  there  are  even  in  the 
Sahara  any  large  tracts  in  which  a  scanty  vegetation  cannot 
thrive  at  certain  times.  The  nature  of  the  surface  indicates 
four  varieties  of  landscape  : — the  stony  plains  of  the  Ham- 
*mada  ;  the  undulating  deserts  of  the  Areg  covered  with  shift- 
ing sand  ;  the  deep  gullies  or  Wadis  ;  and  the  Oases.  The 
Hammada  brings  forth  only  at  particular  spots  scanty  thorny 
or  leafless  shrubs,  and  sometimes  also  saline  plants.  The 
Areg  sometimes  produces  Grasses.  The  rest  of  the  scanty 
vegetation  of  the  desert,  oily  and  bulbous  plants,  &c.,  retreats 
to  the  Wadis  and  the  Oases  with  their  date-palms.  The 
date-palm  is  the  only  tree  which  has  its  original  and  uncon- 
tested home  in  the  Sahara  ;  the  rest,  as  well  as  a  number  of 
other  plants,  have  migrated  from  elsewhere  or  been  introduced 
by  man. 
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8.  The  Sudan  R^ion. 

This  region  includes  Central -^frica  from  20®  N.  lat  to  20**  S. 
lat,  as  well  as  southern  Arabia;  and  enjoys,  in  general,  a  re- 
freshing rain  only  when  the  rays  of  the  sun  strike  vertically 
downwards,  remaining  at  other  times  under  the  influence  of 
the  dry  trade-winds.  Growth  is  therefore  possible  only  as  an 
occasional  phenomenon  ;  and  the  prevalent  character  of  the 
vegetation  is  that  of  the  savannahs.  Copious  dew  and  sharp 
changes  of  temperature  contribute  to  render  the  climate  of  this 
region  extremely  ill-adapted  for  the  immigration  of  foreign 
forms;  so  that  the  aboriginal  fauna  and  flora  have  been 
preserved  in  their  primitive  aspect.  A  characteristic  feature 
is  the  gigantic  Grasses,  often  6  or  7  metres  high ;  peculiar  to 
it  are  the  enormous  stems  of  the  baobab  and  leaves  of  Jfwff 
Ensete.  Among  the  more  important  useful  plants  are  the 
tamarind,  the  fig-sycamore,  the  palms,  especially  the  doom 
palm  and  the  oil  palm  Elaeis  guineensisy  and  the  succulent  and 
poisonous  arborescent  Euphorbias.  Acacias  and  thomy 
shrubs  are  generally  distributed  A  not  inconsiderable  por- 
tion of  the  Sudan  flora  has  migrated  into  Upper  Egypt. 
South  Arabia  was  at  one  time  treated  as  a  separate  region, 
on  account  of  its  balsamic  vegetation. 

9.  The  Kalahari  Region, 

The  Kalahari  region  extends  along  the  Atlantic  coast  of 
Africa  from  20°  to  29°  S.  lat  It  is  altogether  destitute  of 
water,  and  forms  a  connecting  link  between  deserts,  savannahs, 
and  steppes  covered  with  shrubs  ;  and  has  no  oases  with  a 
settled  population,  but  is  tenanted  only  by  wandering  nomads 
Peculiar  to  this  region  is  the  remarkable  Welwitschia  (see 
p.  338);  and  the  most  prominent  members  of  the  scanty 
flora  are  spiny  Acacias  and  other  shrubs  which  almost  en- 
tirely impede  locomotion,  a  number  of  bulbous  and  tuberous 
plants,  Grasses,  and  the  south  African  water-melon.  There 
are  no  palms. 
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10.  The  Cape  Region. 

The  interior  elevated  plains  of  the  Cape  of  Good  Hope, 
which  lie  south  of  the  Orange  River,  slope  downwards  through 
rocky  mountains  or  precipitous  descents  to  the  level  of  the 
sea.  The  climate  may  be  compared  to  that  of  the  elevated 
plains  of  Spain.  In  both  districts  an  extraordinary  variety 
of  vegetation  is  promoted  by  the  unequal  distribution  of 
temperature,  of  the  annual  rainfall,  and  of  the  humidity  of 
the  air.  The  highest  terrace  (about  1,000  metres  above  the 
level  of  the  sea),  the  Roggefeld,  is  at  times  completely  bare, 
and  at  other  times  is  covered  only  by  small  compositous 
bushes.  The  middle  terrace,  the  Karroo-plain  (700  metres), 
is  also  clothed  with  a  uniform  steppe-vegetation  ;  th^  so- 
called  *  rhinoceros-bush '  {Stoebe  rhinocerotis)  belonging  to  the 
Compositae,  covers  the  widest  tracts  of  country  ;  it  is  only 
in  August  that  the  soil  becomes  clothed  for  a  few  weeks  with 
a  luxuriant  green,  carpeted  with  numberless  flowers,  belong- 
ing to  the  Compositae,  Liliacese,  Mesembryanthemaceae,  &c. 
From  the  Karroo-plain  to  the  coast  the  character  of  the  vege- 
tation is  determined  by  the  evergreen  shrubs,  constituting 
what  is  called  the  *  bush.'  This  is  perhaps  the  richest  spot 
on  the  whole  earth  in  species  of  plants,  and  is  especially  the 
paradise  of  flowers.  Ericaceae,  Proteacese,  Euphorbiaceae, 
Stapelias,  Liliaceae,  Irideae,  and  *  everlastings '  {Helichrysum^ 
belonging  to  the  Compositae)  are  the  most  conspicuous  ele- 
ments of  the  vegetation.  Especially  noteworthy  is  the 
Frionium  or  palmet  (Juncaceae),  the  stems  of  which  grow 
so  closely  crowded  together  that  they  detain  and  impede 
the  courses  of  rivers  like  wears. 

1 1.  The  Australian  Region. 

Northern  Australia  has  a  tropical  climate  with  a  summer 
rainy  period.  In  the  sub-tropical  zone,  from  19°  to  29°  S.  lat.,- 
is  a  desert  belt  in  which  the  reign  of  the  trade-winds  is  un- 
interrupted. The  climate  of  South  Australia  may  be  com- 
pared to  that  of  the  Mediterranean,  theiamfei\)^\i€\\v^\ssL\:^^ 
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to  the  winter ;  while  in  Tasmania  rain  falls  at  all  seasons. 
Most  of  the  rivers  are  dried  up  for  considerable  periods, 
and  leave  gradually  diminishing  *  creeks '  of  water  only 
where  their  beds  are  deepest  Woody  savannahs  termed 
*  grass-lands/  and  thickets  of  bushes  known  as  'scrub,' 
occupy  the  greater  part  of  Australia  so  far  as  it  has  been 
opened  to  colonisation.  The  grass-land  is  a  carpet  d 
meadow  interspersed  with  occasional  forests  of  £ucalyptu5^ 
and  adorned  in  the  rainy  season  with  numerous  bulbous 
plants,  Liliaceae,  Orchideae,  &c.,  and  'everlastings.'  The 
scrub  consists  entirely  of  densely  interwoven  shrubs, 
Proteaceae,  Epacrideae,  M)nrtace8e,  Leguminosae,  &c.,  araoi^ 
which  rise  sometimes  lofty  trees.  Eucalypti  and  Acacias; 
but  is  destitute  of  herbaceous  plants  and  grasses.  In  the 
valleys  of  the  creeks  there  is  only  a  dense  scrub ;  and  here, 
among  other  plants,  are  found  the  Casuarinas  (she-oaks), 
palms,  and  the  grass-tree,  Xanthorrhoea,  In  addition, 
Australia  has  also,  like  the  Asiatic  steppe-region,  grass-, 
salt-,  and  sand- steppes. 

12.  The  North  American  Forest- Region, 

The  regions  of  vegetation  of  North  America  correspond 
to  those  of  the  eastern  hemisphere.  A  broad  forest-zone 
passes  through  the  whole  continent  from  Behring's  Strait  to 
Newfoundland,  and  southwards  as  far  as  Florida  and  the 
mouths  of  the  Mississippi.  The  narrow  strip  of  coast  of 
California  may  be  compared  with  the  Mediterranean  region 
in  its  rainless  summer  period  ;  and  the  Asiatic  steppes  cor- 
respond to  the  prairies  between  the  Sierra  Nevada  and  the 
Mississippi 

As  compared  with  the  Europaeo-Siberian,  the  American 
forest-region  is  colder  in  the  same  latitude,  and  the  difference 
may  be  estimated  as,  on  an  average,  one  of  lo^  of  lat  Thus, 
for  example,  the  average  annual  temperature  at  New  York,  in 
4J°  N.  lat,  is  io°-5  C.  ;  and  that  of  Brussels,  in  51®  N.  lat, 
is  io°'4  C.    The  diffei^ivce  is  less  than  this  in  the  southern 
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portions,  but  increases  gradually  towards  the  north.  The 
temperature  diminishes  very  rapidly  as  we  advance  north- 
wards, the  cold  waters  of  the  Polar  sea  having  no  sufficient 
outflow  southwards  through  the  narrow  Behring's  Strait  and 
Hudson's  Bay.  Europe  has  also  the  advantage  of  a  less 
variable  maritime  climate,  from  the  inland  seas  penetrating 
to  a  greater  depth.  \vi  consequence  of  this.  New  York  has 
the  summer- temperature  of  Rome  and  the  winter  temperature 
of  Copenhagen  ;  Quebec  the  summer  of  Paris  and  the  winter 
of  Petersburg.  The  character  of  the  vegetation  is  determined 
by  this  alternation  of  summer  and  winter  temperatures. 

The  northern  belt  includes  the  zone  of  Pinus  alba 
and  nigra^  which  in  America  replace  the  European  firs. 
Coniferous  forests,  the  individuals  of  which  are  often  of  an 
immense  size,  mixed  with  a  few  exogenous  trees,  mark,  in 
the  zone  of  the  Oregon  pine,  the  passage  to  that  of  de- 
ciduous exogenous  trees.  These  forests  are  distinguished 
from  the  corresponding  oak-  and  beech-zones  of  Europe  by 
the  greater  variety  of  their  oaks,  and  by  the  species  of  elm, 
ash,  and  maple.  The  forest-zone  of  the  Southern  States 
is,  as  in  South  Europe,  characterised  by  evergreen  ex- 
ogenous trees  intermixed  with  representatives  of  tropical 
families.  In  its  moist  summer  the  climate  of  these  States 
resembles  that  of  China ;  the  most  noticeable  crops  are 
cotton,  rice,  and  the  sugar-cane.  But  these  advantages  are 
again  partially  counterbalanced  by  the  sandy  and  marshy 
nature  of  the  soil  from  Louisiana  to  Virginia,  [the  Great 
Dismal  Swamp],  covered  by  Pinus  australisy  and  by  the 
almost  inaccessible  swampy  lowlands  of  the  Atlantic 
coast 

Most  European  crops  thrive  in  North  America  as  well  as 
with  us ;  but  the  great  alternations  of  temperature  are  un- 
favourable to  the  more  tropical  species,  as  the  orange.  The 
maize  is  cultivated  to  higher  latitudes  than  in  Europe,  while 
the  cultivation  of  the  grape-vine  is  scarcely  anywhere  carried 
on  with  much  success. 
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13.  The  Prairie  Region, 

» 

The  prairies,  the  steppes  of  North  America,  are  treeless 
plains,  in  which  the  severe  cold  of  winter  is  succeeded  by  a 
short  period  of  active  growth  ushered  in  by  a  transitory 
rainy  season,  and  a  dry  rainless  summer.     The  cause  of  the 
summer  drought  is  the  dryness  of  the  prevalent  western 
Pacific  winds  ;  and  this  is  the  result  of  the  moisture  of  the 
air  being  previously  withdrawn  by  the   Rocky  Mountains 
and  the  chain  of  mountains  along  the  Califomian   coast 
The  heavy  rains  which  fall  on  these  mountains  are,  it  is 
true,  the  feeders  of  great  rivers  which  cross  the  prairies ;  but 
these    water-courses,   which  are  often   of    great   size,  the 
affluents  of  the  Mississippi,  the   Colorado,  and    the  Rio 
Grande  del  Norte,  are  of  but  little  service  for  the  irrigation 
of   the   soil,  because   they  have    worn    their   way  down 
into  the  soil,  often  to  such  a  depth  that  no  arable  land 
is  left  in  the  deep  chasms  or  river-beds  known  as  '  canons'; 
and  sometimes  there  is  not  even  a  belt  of  trees  by  the  side 
of  the  stream.      The  south-westem  portion  of  the  region 
is  covered  by  an  inhospitable  salt-desert,  where  the  soil*  is 
often  completely  bare,  or  produces  a  vegetation  consisting 
almost  entirely  of  a  few  sparse  Chenopodiaceae  and  social 
Artemisias.     Therd  are,  however,  here  and  there  in  the  pre- 
vailing desert,  a  few  scattered  oases,  among  which  that  of  the 
Great  Salt  Lake  is  the  most  important.     A  contrast  to  the 
salt-desert   is  afforded   by   the   northern    portion    of   the 
region,  a  true  grass-steppe,  the  home  of  the  bison ;  while 
in   the  south  agaves,  aloes,  and  yuccas  abound,  and  the 
Cactaceae  attain   their  maximum  development.       The  few 
trees  and  shrubs  which  are  foimd  here  and   there  on  the 
banks  of  the  rivers  and  slopes  of  the  mountains,  have  mosdy 
migrated  from  the  forest-region.      Among  the  characteristic 
forms  of  vegetation  are  the  Minr.oseae,  especially  the  genus 
Prosopis^  which  forms  by  itself  the  feature  in  the  landscape 
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known   as  'mezquit/  while,  associated  with   other  thorny- 
shrubs,  it  constitutes  the  *  chaparals.' 


14.  The  Calif ornian  Region, 

The  climate  of  this  strip  of  coast,  which  is  of  a  purely 
maritime  character,  is  determined  by  the  uniformity  of 
the  temperature — that  of  summer  and  winter  differing  by 
only  a  few  degrees — and^the  regular  alternation  of  a  moist 
cooler  season  with  a  rainless  summer.  In  the  mildness  and 
short  duration  of  the  winter,  in  the  rainless  summer  of  the 
forest-region  beyond  the  Oregon,  and — in  contrast  to  the 
prairies — in  the  length  of  the  period  of  active  growth  neces- 
sary for  •  the  development  of  arborescent  vegetation,  the 
climate  of  California  resembles  that  of  the  Mediterranean, 
although  the  mean  temperature  is  not  so  high.  The 
culture  of  the  vine  has  struck  root  here,  and  that  of  cereals 
and  fodder- crops  yields  in  places  extraordinary  results. 
Arboreal  vegetation  here  attains  its  maximum  development 
in  the  gigantic  mammoth-lrees,  the  Sequoia  [or  Wellingtonid\ 
giganiea^  the  loftiest  of  known  trees.  Other  gigantic  though 
somewhat  less  lofty  conifers,  and  evergreen  exogenous  trees, 
oaks,  limes,  ashes,  and  willows,  shrubs  allied  to  the  oleander, 
myrtle,  and  heaths,  as  well  as  numerous  smaller  bushes  and 
grasses  growing  in  great  masses,  complete  the  flora  of  this 
small  but  remarkable  region,  which  often  assumes  a  park- 
like character. 


15.  The  Mexican  Region. 

This  region  may  be  divided,  according  to  its  elevation 
above  the  sea-level,  into  three  zones : — the  gulf-zone,  the 
zone  of  the  Mexican  highlands,  and  the  Pacific  zone.  The 
first,  a  narrow  strip  of  coast,  rises  above  the  dry  sea-shore  in 
gently  sloping  grass  savannahs,  interrupted  here  and  there 
by  woody  tracts,  and  even  by  groups  of  palms.     ^  \m^^ 
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richer  vegetation  of   tropical    growths    fills    the    moister 
ravines,  the  *  barrancas/  which  score  the  volcanoes  on  all 
sides.     The  upper  portion  of  the  tropical  zone  is  covered 
by  damp  mountain-woods  with  evergreen  foliage.     Asso- 
ciated with   the  lofty  exogenous   trees    are  tree-ferns,  ar- 
borescent Liliaceae,  numberless  lianes,  among  which  are  the 
sarsaparilla  and  the  vanilla,  an  immense  variety  of  copiously 
flowering  Orchideae  and  Bromeliacese,  including  the  pine- 
apple.    The  cultivation  of  the  coffee,  plantain,  and  sugar- 
cane are  here  carried  on  with  success.     A  striking  contrast 
to  this  wealth  is  presented  by  Yucatan,  the  chief  product  oi 
which   is   its  logwood  forests.      The  highland  of    tropical 
Mexico  enjoys  an  extremely  uniform  climate,  with  a  tem- 
perature resembling  that  of  the  summer  at   Paris.     In  the 
character  of  its  vegetation,  its  agaves,  spiny  Mimosas,  and 
cacti,  it  approaches  the  southern  prairies,  but  is  admirably 
adapted  to  the  cultivation  of  the  olive,  mulberry,  and  vine, 
and  especially  of  the  agaves  which  yield  the  drink  known  as 
pulque.     The  forests  consist  chiefly  of  oaks  and  Coniferae. 
The  gradual  slope  of  Mexico  towards  the  Pacific,  or  Pacific 
zone,  has  a  less  uniform  character  than  the  narrow  Giilf- 
zone.     Its  flora  is  less  rich  than  that  of  the  Gulf-zone,  the 
rainfall   being  less  ;    but   the  sea-coast   is   bordered  by  a 
tropical  forest  which  yields  logwood  and  the  cocoa-nut. 

1 6.   The  West  Indian  Region. 

The  West  Indies  form  a  phyto-geographical  region  of 
their  own.  Each  of  the  solstices  is  followed  by  a  rainy 
season,  which  causes  the  West  Indian  archipelago  to  be  well 
wooded  to  the  tops  of  the  mountains.  The  present  vegeta- 
tion is,  however,  different  from  the  aboriginal.  When  first 
discovered  by  Europeans  the  whole  of  Jamaica  was  almost 
entirely  covered  with  mahogany  trees  and  Cedrelas  ;  maize 
was  the  only  crop.  The  forests,  however,  soon  disappeared 
on  the  coasts  ;  the  sugar-cane  became  the  principal  product 
oi  the  low  districts^  axvd  coltt^^-^Vaxvl'a.UQns  arose  on  the  hills. 
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Since  the  emancipation  of  the  slaves,  these  crops  have  been 
to  a  considerable  extent  replaced  by  pasture  land ;  and  even 
the  meadows  are  being  changed  by  the  introduction  of  foreign 
grasses. 

17.  The  Cis-equatorial  Region  of  South  America, 

The  shores  of  this  region  are  covered  with  dense 
forests,  while  in  the  interior  of  the  continent,  where  the  sea- 
winds  have  been  deprived  of  moisture  by  the  action  of  the 
chains  of  mountains,  extend  the  great  savannahs  of  Guiana, 
and  the  boundless  llanos  of  Venezuela,  covered  by  an  ex- 
traordinarily rich  fauna,  and  characterised  by  a  sharp  contrast 
of  dry  and  moist  seasons.  These  forests,  which  clothe 
especially  the  shores  of  the  Amazon,  are  mostly  evergreen, 
with  but  few  Coniferae,  and  marked  by  Passifloraceae,  Pipe- 
raceae,  Phytelephcis^  TabertKBmori'tana^  and  a  great  variety  of 
palms.  The  savannahs  are  grass  plains  sprinkled  but  sparingly 
with  trees  ;  in  the  spring  they  resemble  the  northern  prairies, 
splendidly  gay  with  the  most  brilliant  flowers  ;  while  in  the 
autumn  they  produce  thinly-sown  corn-crops,  till  the  com- 
mencement of  the  rainy  season  brings  again  the  grass  and 
the  flowers.  The  llanos  are  grass  plains  often  entirely 
destitute  of  trees,  sometimes  dry  deserts,  at  others  flooded 
by  continuous  rain. 

18.  The  Amazon  Region. 

The  uniformity  of  a  tropical  temperature,  and  the  regu- 
lar increase  of  moisture,  produce  on  the  banks  of  the 
Amazon  and  neighbouring  streams  a  forest-region  known  as 
*  Hylaea.'  In  the  main  stream  the  greatest  height  of  the 
water  exceeds  the  lowest  by  as  much  as  from  13  to  17 
metres ;  and  since  the  shores  are  perfectly  flat,  the  forest  is 
flooded  every  year  on  both  sides  of  the  river  to  a  breadth 
of  several  geographical  miles.  This  tract  of  country  is 
known  as  *  igapo,*  consisting  of  forests  iu  v(Vv\q.\\  nJcvr.  \5>ax^ts» 
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of  the  trees  stand  for  months  in  water  from  3  to  13  metres 
deep.      Among  the  more  important  trees    are    Mimosas, 
Lauraceae,  and  Ficuses,  intermixed  with  and  overtopped  by 
magnificent   palms,  among  which    is    the    Moriche-palm, 
Mauritia  flexuosa ;   there  are   no  woody  lianes.     Beyond 
the  region  of  the  floods  are  the  Ete-  or  Gua^u-forests,  in 
which  the  prevalent  forms  are  the  dusky  Lauraceae,  with  the 
brazil-nut,  Beri/wlettia,  covered  everywhere  by  stout  lianes. 
The  forests  on  the  Rio  Negro  differ  from  those   near  the 
Amazon  in  the  rarity  of  palms  and  lianes.     The   natural 
products   of    all    these    forests    are    unbounded  : — brazil- 
nut,  caoutchouc,  cocoa,  vanilla,  sarsaparilla,  with  valuable 
woods,  vegetable  fibres,  and  medicinal  plants  in  the  greatest 
variety. 

19.  The  Brazilian  Region, 

Along  the  whole  of  the  south-east  coast  of  Brazil 
stretches  a  chain  of  mountains,  the  Serra  do  Mar,  rising  to 
an  elevation  of  7,000  feet,  the  slopes  of  which  are  exposed 
to  the  trade- wind,  and  collect  a  considerable  amount  of 
moisture.  This  is  succeeded  in  the  interior  by  a  broad 
table-land  consisting  of  argillaceous  slate,  deprived  by 
the  Serra  do  Mar  of  the  Atlantic  moisture,  and  therefore 
covered  everywhere,  except  where  there  is  running  water 
or  bogs,  by  savannahs,  called  in  Brazil  *  campos.'  Here, 
in  the  southern  summer,  the  rainy  period  produces,  as  if 
by  magic,  a  vegetation  which  is  dormant  during  the  diy 
season,  the  alternation  being  exhibited  especially  in  the 
widely  distributed  savannah- forests,  the  '  catingas.'  The 
campos  are  naturally  divided  into  a  northern  plain,  a 
central  table-land,  and  southern  tracts  beyond  the  tropics. 
In  the  northerly  campos,  as  in  the  llanos  north  of  the 
equator,  the  savannah-grasses  flourish  with  their  loose  tufts, 
and  among  them  rise  a  few  columnar  cactus-stems.  On 
the  table-land  the  iwimbti  o^  ^Vvxvibs  with  coloured  flowers 
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increases  with  the  elevation  of  the  ground ;  and  Melocac- 
ius  takes  the  place  of  the  columnar  forms.  Both  sections 
possess  thickets  and  forests,  but  composed  of  different 
trees.  The  almost  unmixed  groups  oiAraucaria  brasiliensis 
are  peculiar  to  the  southern  savannahs.  To  the  west  the 
savannahs  extend  as  far  as  the  affluents  of  the  Paraguay  and 
Madeira.  Here,  as  on  the  coast,  we  come  again  to  prime- 
val forests,  the  *  pantanals,*  of  a  tropical  luxuriance,  which, 
like  the  forests  of  Hylaea,  owe  their  peculiarities  to  running 
water.  To  the  south  of  these  the  plains  of  Gran-Chaco,  and 
the  woody  highland  of  Paraguay,  alternating  with  open  grass- 
plains,  almost  entirely  fill  up  the  space  between  the  Andes 
and  the  southern  table-land  of  Brazil.  Here  are  found  the 
forests  of  *algarob,*  belonging  to  the  Mimoseae,  and  the 
Brazilian  wax-palm,  Copernicia  cerifera, 

20.  The  Tropical  Andcean  Region, 

Throughout  almost  the  whole  of  this  region,  like  the 
last,  there  is  a  natural  distinction  between  a  chain  of  moun- 
tains rising  almost  immediately  from  the  shore  of  the  Pacific, 
forming  a  kind  of  littoral  Cordilleras,  and  an  eastern  series 
of  peaks  which  slope  down  to  the  broad  lowlands  of  South 
America.  In  Peru  and  Bolivia  the  western  chain  includes 
an  extensive  highland,  the  Sierra  or  Puna  district ;  while  on 
the  southern  tropic  both  the  ridge  and  the  peaks  disappear, 
and  give  place  to  the  desert  of  Atakama.  The  Pacific 
coast  of  this  entire  region  is  an  altogether  rainless  country, 
which  is  only  watered  in  winter  by  slight  mists,  the  *  garuas  ; ' 
the  Antarctic  current  of  Humboldt  which  skirts  the  coasts 
bringing  constantly  fresh  quantities  of  cold  water,  and 
causing  the  condensation  of  the  aqueous  vapour  brought  by 
the  sea-winds.  Drought  prevails  therefore  not  only  on  the 
land,  but  also  on  the  sea,  as  is  shown  by  the  guano-deposits 
of  the  Chincha  Islands.  Only  on  the  shores  of  the  short 
rivers,  or  by  means  of  artificial  ini^aXVoxv,  caxi  oi^>L\N'bXv5f^\i^ 
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carried  on  in  detached  spots.  Even  the  higher  portions  of 
the  coast-range,  as  well  as  the  Puna  district,  are  treeless,  but 
are  covered  with  an  Alpine  herbaceous  and  shrubby  vegeta- 
tion. A  richer  tropical  vegetation  is  to  be  met  with  in  the 
Peruvian  Andes  only  on  the  eastern  slope  of  the  eastern 
Cordilleras,  or  in  the  valleys  which  intersect  the  Puna 
district  with  deep  rocky  channels,  and  lead  to  the  lowlands 
and  the  sea.  A  long  rainy  season  in  summer  is  here  a 
source  of  inexhaustible  fertility  ;  coffee,  the  plantain,  sugar- 
cane, and  cocoa,  are  the  cultivated  crops.  While  the 
botanical  features  of  the  district  at  the  foot  of  the  Cordilleras 
and  in  the  deep  valleys,  merge  gradually  into  those  of  the 
Brazilian  flora,  the  upper  belt  of  woods,  the  Ceja  of  the 
Montana,  present  some  peculiar  features,  tree-ferns,  palms, 
Guttiferse,  Scitaminese,  and  especially  the  most  important 
of  all,  the  Cinchona  or  Peruvian  bark. 

21.  The  Pampas  Region, 

By  a  Pampas  is  meant  a  treeless  pasture -land  covered 
with  grass  ;  but  in  the  region  of  vegetation  so  designated 
must  be  included  the  whole  country  extending  from  the 
boundary  of  Brazil,  where  the  regular  rainy  seasons  of  the 
tropical  zone  cease,  across  the  States  of  La  Plata  and  Pata- 
gonia nearly  to  the  southern  extremity  of  the  continent. 
The  true  pampas  resembles  the  grass  plains  on  the  Missouri; 
and  the  thickets  and  thin  woods  which  occur  in  the  provinces 
of  La  Plata  lying  nearer  to  the  southem  limit  of  the  tropic, 
resemble  the  chaparals  or  mesquit-thickets  of  Texas  and 
New  Mexico.  The  nature  of  the  vegetation  is  here  deter- 
mined by  the  distribution  of  the  moisture  ;  the  greater  part 
of  the  rainfall  takes  place  in  the  form  of  sudden  thunder- 
storms, while  at  other  times  the  air  is  extremely  dry,  but 
with  copious  dews  at  night.  Long  periods  of  drought  inter- 
vene, the  stoims  o^Xexv  i3i\\w^  ^.Ito^ether  for  years.  This  is 
the  cause  o£  t"he  ^nUt^  ibs^etie^  ot  ^^  ^^xx^xss.^  ^"^^^x^s^s^^  of 
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the  arborescent  vegetation.  The  climate  is  not,  however,  in 
itself  unfavourable  to  the  growth  of  trees,  as  is  the  case  with 
the  prairies  and  the  steppes  of  the  Old  World.  In  Uruguay 
generally  the  cultivation  of  trees  is  possible  ;  in  Buenos 
Ayres  the  peach  is  grown  for  the  sake  of  its  wood. 

The  Pampas-region  may  be  divided  into  three  zones  : — 
the  interior  north-western  .Chanar- steppe  ;  the  true  Pampas; 
and  the  southern  plains  of  Patagonia.  The  first  is  not  oc- 
cupied to  any  great  extent  by  grass,  but  is  chiefly  covered 
by  underwood,  especially  the  chanar-shrub,  an  Acacia  known 
as  *  espinillo,'  and  species  of  Cactus.  At  the  foot  of  the 
Andes  it  includes  some  salt  lowlands,  the  Argentine 
*  Salinas,*  where  the  vegetation  consists  of  only  a  few  saline 
plants.  The  true  Pampas  are  grass-plains,  in  which  the 
trees  are  confined  to  narrow  strips  of  low  woods  along  the 
rivers.  There  are  scarcely  any  native  shrubs  or  herbaceous 
plants  ;  but  some  from  the  south  of  Europe  have  become 
naturalized ;  thistles  and  fennel  have  increased  to  an  enor- 
mous extent ;  Onopordon  acanthium  has  entirely  displaced  the 
grass  over  many  square  miles,  and  forms  impenetrable 
thickets,  exceeding  a  man's  height.  Where  the  grass-steppe 
ceases,  at  the  Patagonian  Colorado  and  Rio  Negro,  a  low, 
sparse,  thorny,  shrubby  vegetation  begins,  growing  among 
loose  stones,  until  at  length  this  also  becomes  scarce,  and 
the  arid  ground,  parched  by  the  dry  air,  produces  only  a 
few  tufts  of  a  hard  brown  grass.  A  small  Acacia,  which  is 
found  alone  and  solitary  in  the  neighbourhood  of  the  Rio 
NegK),  is  so  remarkable  a  phenomenon  to*  the  natives  that  it 
is  regarded  as  sacred. 


22.   The  Chilian  Transition- Region, 

This  region,  which  includes  the  northern  and  central 
provinces  of  Chile,  enjoys  a  climate  similar  to  that  of  the 
Mediterranean  ;  but  the  season  of  active  growth  is  interruT^ted. 
by  longer  periods  of  drought  *,  ioi  dwrav%  orcis.^'j^  ^  "^^ 
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year  vegetation  appears  dead  and  the  land  almost  barren. 
Even  on  the  sea-coast  there  is  no  great  quantity  of  trees  \ 
the  foliage  of  the  bushes  is  to  a  considerable  extent  replaced 
by  spines  ;  and  the  desolate  character  is  intensified  by  the 
wildness  of  the  naked  mountains  untouched  by  sea-breezes. 
Tropical  forms  of  plants  are  nowhere  found. 


23.  The  Antarctic  Forest- Region, 

The  Antarctic  flora  may  be  compared  with  that  of  the 
north  of  Europe  and  of  the  European  Alps.  As  in  northern 
Europe,  the  equatorial  currents  of  moist  air  alternate  irregu- 
larly with  the  clear  sky  of  the  polar  currents ;  and  the  rainfall 
is,  in  consequence,  distributed  through  all  the  seasons  of  the 
year,  and  vegetation  is  usually  plentifully  supplied  with 
moisture.  But  since  this  rainfall  is  associated  with  a  milder 
winter  than  in  the  northern  hemisphere,  the  greater  number 
of  the  trees  preserve  their  foliage  throughout  the  year.  But 
notwithstanding  this  uniform  temperature,  there  is,  even  in 
southern  Chile,  where  snow  and  frost  are  unknown,  a  distinct 
period  of  repose  of  vegetation  during  the  winter.  While 
even  in  the  last  (Chilian  transition)  region  an  increase  in  the 
vigour  of  vegetation  coincides  with  the  rainy  season,  the 
deciduous  trees  here  lose  their  leaves  at  the  time  when 
the  greatest  quantity  of  rain  falls  and  the  temperature  is  also 
falling. 

The  Antarctic  region  may  be  divided  into  a  northern 
and  a  southern  zone.  Forest  prevails  everywhere.  In  the 
northern  zone,  which  includes  also  the  island  of  Chiloe,  the 
forest  is  composed  of  a  great  number  of  trees  belonging  to 
different  families,  including  Lauracese,  Myrtaceae,  Oleaceae, 
and  even  bamboos;  lianes  and  parasites  cover  the  stems 
and  fill  up  the  space,  as  in  the  tropical  forests,  but  not  with 
the  same  abundance  of  forms.  In  the  southern  zone,  on  the 
other  hand,  almost  the  only  trees  are  beeches  ;  but  since 
the  most  commoiv  dedduo\\s»  s^^de.'s*,  Fa^us  an<ar<://<»,  is 
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accompanied  by  an  evergreen  kind,  the  general  aspect  of 
the  forests  is  quite  different  from  that  of  northern  Europe. 
It  is  only  in  the  extreme  south,  where  the  diminished  tempe- 
rature and  the  moisture  which  remains  in  the  ground  are 
favourable  to  the  formation  of  peat,  that  the  forests  yield  to 
open  moors.  But  the  vegetation  of  these  moors  is  peculiar, 
consisting  of  a  saxifrage  and  a  plant  allied  to  the  lilies,  as- 
sociated with  cranberries,  Ranunculi,  and  rushes. 


24.   Oceanic  Islands. 

The  native  plants  of  islands  often  differ  considerably 
from  those  of  the  nearest  continent ;  the  aboriginal  flora 
has  been  preserved  in  greater  purity  than  elsewhere  ;  and  it 
is  to  insular  floras  of  this  character  that  the  important  theory 
of  the  migration  of  plants  owes  its  origin. 

The  Azores,  Madeira,  and  the  Canaries,  an  archipelago 
formed  of  lava  and  volcanic  rocks,  possess  a  flora  altogether 
independent,  but  enriched  from  without,  and  known  as  the 
Atlantic  Flora.  That  of  the  Azores  resembles  the  Mediter- 
ranean flora;  evergreen  shrubs  and  forest  trees  belonging  to 
the  Lauraceae,  together  with  beautiful  Ferns,  cover  the 
greater  part  of  the  islands.  Madeira  was,  at  the  time  of  its 
discovery,  completely  clothed  with  wood  down  to  the  shore. 
But  the  so-called  cedar  of  the  island,  a  timber-tree  with  a 
valuable  scented  wood,  disappeared  after  a  great  forest-fire. 
The  vegetation  has  been  completely  altered  by  cultivation. 
Together  with  the  sugar-cane,  which  has  taken  the  place  of 
the  vine — the  latter  having  been  almost  destroyed  by  the 
vine- disease  since  1852 — the  plantain  has  been  generally 
cultivated  ;  tropical  fruit-trees  are  abundant ;  but  there  are 
no  palms.  Other  noteworthy  native  plants  are  the  dragon- 
tree  Draccena,  the  luxuriant  forests  of  laurels,  the  shrubby 
heaths,  magnificent  Ferns,  and  dense  underwood,  which 
characterise  the  district  of  the  thickets  above  the  laurel- 
woods.    The  flora  of  the  Canary  IsVaivd^  \vas»  ^xs.  ^sSx\s:a». 
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character  in  its  lower  districts  ;  the  prevalent  forms  here 
are  numerous  succulent  plants,  especially  Euphorbiaceae, 
the  date-palm,  and  tamarisks.  These  districts  are  generally 
arid,  especially  since  the  change  introduced  in  consequence 
of  the  vine-disease  ;  and  the  Opuntias,  which  serve  for  the 
nourishment  of  the  cochineal-aphis,  have  become  one  oftbe 
most  important  objects  of  cultivation.  The  remaining  dis- 
tricts, characterised  by  laurel-woods,  thickets,  pines,  and 
Genistas,  indicate  an  Atlantic  flora,  although  the  eveigreen 
woods  have  been  to  a  large  extent  destroyed. 

The  Cape-de- Verde  Islands  differ  from  those  already 
mentioned  in  their  more  tropical  climate.  The  rocks 
and  loose  stones,  uncovered  by  wood  or  even  by  the  least 
stratum  of  soil,  are  heated  tg  so  high  a  temperature  by  the 
rays  of  the  sun  that  it  is  impossible  for  the  aqueous  vapour 
brought  by  the  trade-wind  to  become  condensed  ;  and  since 
there  is  sometimes  no  rainy  period,  the  vegetation  of  the 
islands  is  sparse.  Four-fifths  of  the  surface  is  said  to  be  en- 
tirely unproductive ;  the  only  cultivated  plants  are  a  few 
introduced  cocoa-nut  and  date-palms,  coffee-bushes  and 
fruit-trees.  The  native  flora  is  generally  similar  to  the 
Atlantic,  while  the  introduced  plants  indicate  the  proximity 
of  Africa. 

The  volcanic  island  of  St.  Helena  was,  at  the  time  of  its 
discovery  at  the  commencement  of  the  sixteenth  century, 
covered  with  wood,  but  the  young  branches  were  so  com- 
pletely destroyed  by  introduced  herds  of  goats,  which  in- 
creased with  great  rapidity,  that  three  centuries  later  there 
was  a  scarcity  of  wood,  when  the  goats  were  taken  away  and  ' 
trees  introduced  from  all  parts  of  the  globe.  The  climate, 
refreshed  by  a  steady  trade-wind  and  two  rainy  seasons,  is 
extraordinarily  fertile;  but  the  introduced  plants,  and  es- 
pecially the  European  pines,  have  completely  displaced  the 
native  flora. 

Madagascar,  traversed  by  lofty  chains  of  granite  moun- 
tains, wh\c\i  sVop^  oTi\io\Jcv  'sv^^'s^v^  ^^\^^^ax^l  lowland,  marshy 
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or  occupied  by  lagunes,  has  a  seven  months'  rainy  season. 
The  greater  part  of  the  island  is  in  consequence  covered 
with  moist  tropical  forests  bordered  in  the  interior  by  elevated 
grass  savannahs.  In  the  south  a  scanty  thorny  vegetation 
prevails.  The  most  remarkable  product  of  the  forests  is 
the  *  travellers*  tree,'  Ravenala,  a  plantain,  the  fan-shaped 
leaves  of  which  are  hollowed  out  at  their  point  of  insertion 
into  a  spacious  cavity  in  which  water  is  caught  and  retained, 
so  that  when  pricked  they  give  out  a  refreshing  fluid. 
Here  is  also  found  the  aquatic  Ouvirandra  or  lattice 
plant,  the  leaves  of  which  consist  almost  entirely  of  a 
perforated  lace-like  network.  There  are  also  epiphytic 
Orchids  with  enormous  flowers,  tree-ferns,  impenetrable 
lianes,  heaths,  bamboos,  pitcher-plants.  Nepenthes^  and  a 
few  palms. 

The  flora  of  the  Mascarene  Islands  (Mauritius  and 
Bourbon)  is  allied  to  that  of  Madagascar.  That  of  the 
Seychelles  is  distinguished  by  the  double  cocoa-nut,  Lodoicea 
Seycheiiarum,  with  its  gigantic  fruits. 

The  Sandwich  Islands  enjoy  a  climate  resembling  that 
of  Jamaica.  In  Hawaii  plantations  of  the  cocoa-nut  palm 
and  bread-fruit  alternate  with  sugar-cane  fields ;  and  above 
the  cultivated  plain  a  belt  of  wood  surrounds  the  volcanoes. 
The  commonest  native  tree,  an  Acacia  known  as  *  koa,'  raises 
its  crown  of  leaves  above  a  dense  thicket  of  evergreen 
underwood.  Ihe  once  abundant  sandal-wood  has  already 
become  scarce  from  the  demand  for  its  timber. 

The  flora  of  the  Feejee  Islands  approaches  nearest  to 
that  of  the  Indian  monsoon  region.  To  the  summits  of 
their  basaltic  mountains  they  are  covered  with  the  most 
luxuriant  tropical  vegetation.  The  most  important  food- 
plants  are  the  plantain,  cocoa-nut  palm,  bread-fruit,  and  in 
the  cultivated  fields  tapioca  {Arum  esculentum\  yams,  TaccUy 
and  batatas. 

New  Caledonia  exhibits  in  its  flora  a  resemblance  ta 
that  of  Australia.     Its  woods  are  de^UtvxVe  oi  x^sAe.x^^a^'^*. 
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Myrtaceae  are  scattered  over  its  arid  grass-plains  at  wide 
distances ;  its  stony  mountains  are  barren. 

The  flora  of  Norfolk  Island,  not  unlike  that  of  New 
Zealand,  is  remarkable  for  the  Norfolk  Island  pine,  Araucaria 
cxcelsa. 

New  Zealand  is  more  nearly  related  in  its  flora  to  the 
forest  region  of  south  Chile  than  to  Australia,  which  lies  so 
much  nearer.  The  evergreen  forest,  composed  of  Myrtaceap, 
Lauraceae,  and  broad-leaved  Coniferae  (among  them  the 
Dammara  australis)  includes  also  tree-ferns  and  arborescent 
Liliace8e,and  is  often  rendered  impenetrable  by  dense  thickets 
of  lianes.  Shrubs  and  Ferns  mixed  together  clothe  the 
open  slopes  of  the  mountains  and  the  dry  plains ;  Ferns  are 
often  the  sole  representatives  of  the  grass  of  other  countries, 
and  clothe  boundless  stretches  of  open  land  ;  so  that  some 
resemblance  may  be  traced,  in  the  abundance  of  its  fern 
vegetation,  between  the  flora  of  New  Zealand  and  that  of 
prehistoric  times,  especially  of  the  vegetation  of  the  Car- 
boniferous formation.  Among  the  Ferns  Pteris  esculenta  is 
noteworthy  for  supplying  food ;  and  of  other  native  products 
the  valuable  New  Zealand  flax,  Phormium  tenax,  belonging 
to  the  Liliaceae. 

The  uninterrupted  southern  trade-winds  impart  to  the 
archipelago  of  the  Galapagos  Islands  an  arid  climate. 
Ascending  above  the  lava  fields,  covered  with  light  dwarf 
shrubs  and  Cactaceae  almost  destitute  of  leaves,  we  find  on 
the  mountains  a  tolerably  luxuriant  forest-flora,  but  with  no 
tropical  character.  More  than  one-half  of  the  species  are 
endemic  {i.e.  peculiar  to  the  islands);  the  rest  have  migrated 
from  the  shores  of  the  Isthmus. 

Juan  Fernandez  is  densely  covered  with  forests  alternat- 
ing with  grassy  plains.  No  considerable  immigration  of 
foreign  plants  has  taken  place ;  and  the  forests  are  covered 
with  climbers,  which,  like  the  trees  up'  which  they  twine, 
occur  nowhexe  e\?.e  ow  the  surface  of  the  earth.  Ferns. 
tree-ferns,  and  paYm^  pxeviN\.. 
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The  Falkland  Islands  are  densely  covered  with  lofty 
grasses  which  have  extended  themselves  over  immense  layers 
of  peat. 

The  vegetation  of  the  basaltic  Kerguelen's  Land,  like 
that  of  the  Falkland  Islands,  consists  of  a  few  Grasses  inter- 
mixed with  tufts  of  an  Umbellifer.  There  are  no  woody 
plants.  The  most  interesting  species  is  the  *  Kerguelen's 
land  cabbage,'  a  Crucifer,  Pringlea  antiscorbutica  [differing 
from  most  of  the  Cruciferse  of  Europe  by  being  chiefly  wind- 
fertilised]. 

In  the  extreme  southern  latitudes  south  winds  laden 
with  snow  alternate  with  northerly  currents  of  air  saturated 
with  aqueous  vapour,  and  perpetual  white  fogs  of  unparal- 
leled density  spread  over  the  surface  of  the  sea.  These  fogs 
are  formed  also  on  the  islands  which  lie  near  this  zone, 
almost  entirely  depriving  them  of  the  rays  of  the  sun.  Both 
flora  and  fauna  are  extremely  scanty.  The  remarkable 
difference  between  the  climates  of  the  two  polar  zones  depends 
on  the  great  excess  of  water  in  the  extreme  southern  latitudes, 
on  the  consequent  cloudy  sky,  and  on  the  masses  of  icebergs 
which  break  loose  in  the  summer,  and,  in  melting,  reduce 
the  temperature  of  the  better  part  of  the  year.  But  in  these 
southern  latitudes,  where  life  is  now  so  scanty,  there  was 
once  a  warmer  prehistoric  epoch  ;  for,  like  the  extinct  forests 
of  Greenland,  the  evidence  of  well-preserved  fossil  stems 
proves  that  a  luxuriant  arborescent  vegetation  once  inhabited 
Kerguelen's  Land. 
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ABIETINEiE,337.    Fig.  454, 458,  4:9 
^  *-    Abnormal  phenomena,  216 
Abortion,  217 
Absinthe,  391 

Abstriction,  267.     Fig.  1,  398  i. 
Acanthaceae,  382 
Acauiescent,  76 

Accrescent,  126.  134,     Fig.  234,  496 
Acerose,  94.    Fig.  454 
Achene,  153,  414.     Fig.   230,   327,  501, 

503 
Achlamydeous   (apphed    to     a     flower 

which  has  neither  calyx  nor  corolla), 

Fig.  201,  202 
Achorion,  275 
Acicular,  94.     Fig.  454 
Acorn,  154.    Fig.  303 
Acotyledones.  156,  247 
Acrocarpi,  308.     Fig.  427,  432.  433 
Acrospore.  267.     Fig.  393  11.,  398 
Acuminate,  97.     Fig.  164 
>     Adaptation,  215 
Adhesion,  116,  219 
Adnate,  91,  140.     Fig.  182,  282 
Adventitious  buds.  82 
Adventitious  roots,   75.     Fig.  115,  121, 

3485  436 
iEcidiospore,  273 
iCcidi'um,  »73.  274 
ASrial  hyphae,  279 
Aerial  roots,  73 
iEstivation.  84.     Fig.  124- 131 
iCthalium,  284 
A^e  of  plants,  235 
Air-bladder,  Fig.  387,  389 
Air-cavity^  318.     Fig.  86,  444 
Alae,  132,  400-     Fig.  253 
Albumen.  ^  See  Endosperm 
Albuminoids,  30,  173 
Albuminous,  X56,  190.    Fig.  305,  333,  ^'s 
Alburnum,  365,  367 
Aleurone,  31 
Algae,  244,  247.    Fig.  38,  41,  54,  56,  58, 

59,  81,  82.  380-391 
Alismaceae,  351 
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Alkaloids,  31 

Allspice,  399 

Alluvial  formation,  431 

Alpinus,  4 

Alternate,  87 

Alternate  aestivation,  84.     Fig.  129 

Alternation  of  generations,  178,  190,  253, 

272.  3oo»  315 
Amaranthaceae,  374 
Amaryllideae,  349 
Amazon  region,  451 
Amber,  430 
Amentaceae,  375 
Amentales,  374 
Amentum,  121,  375,  379.     Fig.  223,  481, 

485 
Amoeboid  movement,  284 
Amomales,  348 

Ampelideae,  407.     Fig.  196,  257.  265 
Amphigastria,  297.     Fig.  424,  425 
Amplexicaul,  92.     Fig.  148 
Amygdaleae.  406.     Fig.  325 
Anatomy  of  plants,  2,  5,  6 
Anatropous,  146.     Fig.  300  11. 
Andreaeaceae,  306.     Fig.  429 
AndrcKcium,  iii,  137 
Androspore,  252.     Fig.  385 
Anemophilous,  184 
Angiocarpous  Lichens,  288 
Angiosperms,  246,  358 
Angustisept,  413.     Fig.  530  il.    . 
Annual,  76,  235 
Annual  ring,  362 
Annular  cell,  20.     Fig.  31-34 
Annular  vessel,  47 

Annulus,  264,  314.     Fig.  392,  393,  440 
Auonaceae,  416 
Antarctic  jforest-region,  456 
Anthela,  122 

Anther,  137.  Fig.  267-286,  4^9,  461  11. 
Anther-lobe,  137.  Fig.  267-269,  468  11. 
Antheridial    receptacle     (a     group     of 

antheridia  only).  Fig.  422,  4,11 ,  v-^*. 
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Antherozoid.  200,  251,    271,   293,  315. 

*■»«•  371.  384.  385.  389.  420.  427.  428, 

442.  445'  449.  45« 
Anthoceroteae,  300L     Fig.  421 
Aotholysis,  222 

Antipodal  cells,  188.     Fig.  360 
Apetalae,  374 
Apetaloos  (having  no  corolla),  Fig.  207, 

259 
Aphides,  233,  458 
Apical  cell,  55-     Fig.  83  i. 
Apiculate,  103 
Apocarpous  (applied  to  an  ovary  or  fruit, 

the  carpels  of  which  are  not  united), 

Fig.  3M»  315 
Apocynace^e,  387 
Apopetalous,    129.     Fig.    232,  250,  252, 

255,    , 
Apophyllous,  134 
Aposepalous,  124.     Fig.  231-233 
Apothecium,  288.     Fig.  409,  41^.  414 
Appendages,   141,  154,  155.      Fig.   283- 

285,  319,  328,  329 
Appendicular  organs,  72,  86 
Apple,  Fig.  519 
Applied  botany,  2 
Aquatic  roots,  73 
Arales,  354 
Araliaceae,  398 
Archegonial    receptacle     (a   group    of 

archegonia  only).  Fig.  422 
Archegonium,  245,  299,  315,  321.     Fig. 

422,  428,  441,  445,  451 
Arctic  region,  437 
Aree,  443 
ArilTode,  155 
Arillus,  154.     Fig.  328 
Aristolochiaceae,  378.     Fig.  279 
Aristotle,  3 

Aroidese,  354.     Fig.  194 
Artificial  systems,  239 
Asarales,  378 

Ascidifonn,  107.     Fig.  193,  356 
Ascidium.     See  Pitcher 
Asclepiadeae,  387.     Fig.  355  e 
Ascogonium,  283 
Ascomycetes,  263,  282.     Fig.  375,  394- 

396,  399.  405.  408 
Ascophore,  282 

Ascophorous  hyphae,  288.     Fig.  413 
Ascospore,  268,  280.     Fig.  399,  405 
Ascus,  (sac)  268,  280,  282,  288.    Fig.  395, 

399»  405,  4x3 
Asexual  reproduction,  178 

Asexual  reproductive  cell,  178 

Assimilation,  161,  172,  213 

Asterales,  388 

Atropous.    See  Orthotropous 

Auriculate  (shaped  like  an  ear).  Fig.  185 

Australian  region,  445 

Auxospore,  256 

Awn,  343.     Fig.  462,  463 

Axile  placentatlon,  ifs-    ^^S-  ^'Jl 

Axillary,  Fig.  138 


BRA 

Axillary  bud,  82.      Fig.  123 

Axis.  70,  220.     Fig.  97.  99.  368,  370,  ^pk 

Azores,  457 
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•^    Bacteria.  259,  276.     Fig.  391 1 

Balanophoraceae,  380 

Balsam.  402 

Bamboo,  Fig.  464 

Banyan,  75,  443 

Baobab,  409 

Bark,  357.     Fig.  66,  67,  351.  352 
Barrancas,  450 

Basidiomycetes,  282.     Fig.  65,  392,  393 

Basidiospore,  267.      Fig.  393,  398 

Basidium,  267.     Fig.  393,  398 

Basifixed,  140.     Fig.  280,  281,  283,  284 

Basilar,  143.     Fi^.  290 

Bast,  66,  357.     Fig.  63,  94,  472  b,  476 

Bast-bundle.     Fi§.  95,  477 

Bast-cell,  368.     Fig.  17,  18,  26,  66 

Bast-fibre,  48,  34X,  368.      Fig.  14, 15,  67, 
93. 95.  476 

Bast-tube.    See  Bast-fibre 

Ba.st-yessel.     See  Sieve-tube 

Bauhin,  4 

Beet-disease,  231 

Begoniaceae,  399 

Bentham,  6,  243,  355 

Berberideae,  419.     Fig.  281 

Berkeley,  6 

Berry,  X53.     Fig.  326,  495  n. 

Betulaceae,  375.     b  ig.  480 

Bicarpellary,  142.     Fig.  296,  297 

Biennial,  76,  235 

Bifid,  125,  131.     Fig.  251,  254 

Bignoniaceae,  382.     Fig.  329 

Bilabiate,  125,  129,  382,    390.     Fig.  230, 
248,  489  II. 

Bilocular,  140,  144.     Fig.   280-284,  297. 
.315  I1-.  317 

Binomial  nomenclature,  238 

Bipinnate,  103.     Fi^.  143,  190 

Bisepalous,  125.     Fig.  233 

Biseriate  (in  two  rows),  Fig.  228 

Biserrate,  99.     Fig.  170 

Bisexual.    See  Hermaphrodite 

Bitemate,  103.    Fig.  188 

Bixacese,  414 

Bladder,  185.     Fig.  356 
•  Bleeding,*  233 

Bock,  3 

Bonnet,  6 

Bordered  pits,  19,  365.     Fig.  14,  22-24 
27,  70 

Borragineae,   385.       Fig.    151,    199,  217. 
245,  262 

Botanical  geography,  2,  432 

Botrytis,  275 

Boussingault,  6 
,    Bract,  86,  116,  220.     Fig.  201,  458,  480 
\   ^xa»si\v.^v««.,  loq.     Fig.  197 
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BRA 

Braun,  5 

Brazil-nut,  3^9 

Brazilian  region,  452 

Bristle,  61 

Brittleworts.    See  Characeae 

Bromeliaceae,  348 

Brongniart,  6 

Broom-rape,  232 

Brown,  Robert,  6 

Brown  coal.    See  Lignite 

Brunfels,  3 

Bryaceae,  307.     Fig.  427,  428,  430,  432- 

435 
Bryineae,  306.     Fig.  427-430,  432-435 
Bud,  82,  178,  179.     Fig.  99,  121, 123,  333 
Bud-scales,  83,  86 

Budding,  182,  261,  269,  278.     Fig.  354 
Bulb,  80.     Fig.  122 
Bulbil,  83,  178,  180,  295.     Fig.  121,  122, 

350 
Bundle-sheath,  67 
Bunt,  227 

Bunter  Sandstein,  426 
Burseracese,  407 
Butomaceae,  351 
Buxaceae,  378 


pABBAGE,  414 

^^    Cactaceae,  398 

Caducous,  125.     Fig.  233 

Caesalpinieae,  402 

Caesalpinius,  4 

Cainozoic  rocks,  429 

Cajeput-oil,  399 

Calamite,  322,  423 

Calamus,  77 

Calcium,  162 

Calcium  carbonate,  249 

Califomian  region,  449 

Callus,  46,  181.     Fig.  351,  352 

Calyciflorae,  390 

Calycifiorai  flower,  1x4.     Fig.  208 

Calyptra,  300,  304.     Fig.  427,  435 

Calyx,   no,   124,   300,      Yvg.   199,  aoo, 

20A-206,  208-210,  228-239,  496 
Camoiform  tissue,  66 
CaSnbium,  43,  64.     Fig.  95,  352,  472  b 
Cambium-sheath,  339.     r  ig.  460 
Cambrian  system,  420 
Camelliaceae,  409 
Camerarius,  4 
Campanales,  388 
Campanulaceae,  388.     Fig.  242 
Campanulate,  125,   129,  131.     Fig.  242, 

261 
Camphor-gland,  53 
Campos,  452 

Campy lospermae,  398.     Fig,  511 
Campylotropous,  146.     Fig.  300  III.,  333 
Canal-cell,  299 
Canary  Isles,  457 
Canker,  224 
Cannabineae,  374 


CEL 

Cannaceae,  348 

Caiions,  448 

Caoutchouc,  24,  176,  778 

Cape-de-Verde  Islands,  458 

Cape  of  Good  Hope,  444 

Capillarity,  z6o 

Capillitium,  284 

Capitate,  144.     Fig.  287,  290 

Capitulum,  X17,  295,  388.     Fig.  2x3,  2x4, 

219,  499,  500 
Cappandeae,  4x4 

Caprifoliaceae,  394,     Fig.  150,  272 
Capsule,    X48.      Fig.  289,   306-313,   468 

VI.,  496,  525 
Carbon,  162,  165 
Carbon  dioxide,  decomposition  of,   X72, 

^ 173.  ai3 

Carbonic  acid.    See  Carbon  dioxide 

Carboniferous  system,  420.      Fig.   534- 

542 
Carcerulus,  152.     Fig.  32X,  379  b,  490  11 
Carex,  Fig.  465,  467 
Carina,  132,  308,  400.     Fig.  253,  5x0 
Carnivorous  plants,  X63 
Carpel,  142,  220 
Carpogonium,  283,  vii 
Carpophore,  152,  397.     Fig.  318,  509 
'  Carrageen  moss,  254 
Carraway,  398 
Carrot,  398.     Fig.  5x0 
Caruncle,  155 
Caryophyllaceae,  409.      Fig.   226,    250, 

251,  254,  25s,  333,  524,  525 
Caryophyllaceous    corolla,     132.      Fig. 

254 
Caryophyllales,  409 
Caryopsis,  154,  344.     Fig.  461 IV. 
Cascarilla,  378 
Caspary,  6 
Cassava,  378 
Castor-oil,  378 
Casuarinaceae,  376,  446 
Cataphyllary  leaves,  87 
Catechu,  394 
Catingas,  452 
Catkin.    See  Amentum 
Caudex,  77.     Fig.  470,  471 
Caulerpa,  Fig.  380 
Cauliflower,  219,  4x4 
Cauline,  107 
Cauline  bundle,  357 
Cavenne  pepper,  384 
Celastraceae,  407 
Celastrales,  40^ 
Cell,  7,  X2.     Fig.  1-36,  40,  41,  so,  52,  53, 

81,  380 
Cell-cavity,  X9.     Fig  2-6,  16,  374 
Cell-contents,  24.     Fig.  2,  42-47 
Cell-division,  34.     Fig.  "iS  i.,  56 
Cell-family,  37,  248.     Fig.  58,  59 
Cell-fluid,  8 
Cell-formation,  31 
Cell-fusion,  37,  47 
Cell-sap,  ^ 
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Cell-wall,  8,  249.     Fig.  2,  72,  374,  381, 

449 
Cellular  Cryptogams,  67,  244,  247 
Cellular  plants,  67 
Cellulose,  12,  21,  173 
Central  cell^  191, 2^.  Fig.  422  iv.,  441 11. 
Centre  of  distribution,  432 
Centrifugal,  124.     Fig.  477  11. 
Centripetal,  123.     Fig.  477  11. 
Chalaza,  X46.     Fig.  300,  359 
Chalk,  429 
Chamomile,  391 
'  Chaparals,' 449 

Characese,  29X.     Fig.  371  i.,  418-420 
Charales,  244 

Chemical  processes,  196,  2x3 
Chenopodiaceae,  374 
Chenopodiales,  374 
Chicory,  391 

Chino-japanese  region,  443 
Chlorantnaceae,  378 
Chloranthy,  222 
Chlorine,  162 
Chlorophyll,  24,  xo8,  173,  249.     Fig.  40, 

41.  47,  5x,  54.  .444 
Chlorophyll-bodies,  24 
*  Cicinobolus-fruit '    (a  peculiar^  '^PT^* 

ductive  body  in  certain  Fungi),  Fig. 

CUiate,  99.     Fig.  171 

Cinchona,  394,  454.     Fig.  505 

Cinchoneae,  393 

Circinate,  85,  312.     Fig.  436,  437 

Circulation  of  protoplasm,   xo.     Fig.  3, 

40 
Circulation  of  sap,  175 

Circumscissile    dehiscence,    149.      Fig. 

312,  496  III. 

Cirrhus,     See  Tendril 

Cis-equatorial  region  of  South  America, 

Cistaceae,  414 

Clasping  root,  72 

ClasSj  238 

Classification,  2,  4,  237 

Cleistocarpi.     See  Phascaceae 

Climbing  plants,  201.     Fig.  113,  114 

Closed  bundle,  64,  67,  339 

Cloves,  399 

Club-moss,  333 

Clusius,  3 

Coal,  423,  424,  428 

Coal-measures,  Fig.  534 

Cocoa-nut,  443,  459.     Fig.  305 

Coelospermae,  398.     Fig.  512 

Coenanthium,  X17.     Fig.  216 

Coffee,  394 

Coffeeae,  393 

Coherent,  114.     Fig.   229,  230,  240-249, 

275,  278 
Cohesion,  116 
Cohn.  6 

Coleorhiza.     See  ■Ropt-sYveaxVv 
Collenchyma,  39.    Fig.  64,  %»,  ^^^,  M-i 


CRE 

Colour  of  flowers,  128 

Columella,  280,  300,  304 

Combretaceae,  399 

Common  receptacle,  117.    Fig.  213,  214, 

217,  2x8,  498  II.,  500 
Composite,  390.     Fig.  53,  77,  203,  213, 

2x4,   2x7-219,  235-239,   244,  278,  327, 

476,  498-503 
Compound  leaves,  <^,  100 
Compound  spike,  120 
Compound  umbel,  120 
Conceptacle,  257,  266,  324      Fig.   349, 

382,  447, 448 
Conducting  cell,  48 
Conducting  tissue,  48.     Fig.  359 
Cone,  I2X,  X47.     Fig.  224,  304,  455.  458 
Confervaceae   (a    group    of   filamentous 

Algae  reproduced  by  swarmspores). 
Conidia,  178,  179,  268,  279.     Fig.  1,376 
Coniferae,  147^  X91,   246,    336,  372,  420, 
423,  426.     Fig.  23,  24,  27,  78,  79,  224, 
280,  304,  328,  335,  366,   367,  454-45* 
^478,  479.  543 

Conjugate,  250,  256.    Fig  41,  54, 56, 383 
Conjugating  cell,  271.     Fig.  404 
Conjugation,  32,  47,  250,  271.     Fig.  54. 

383.  404 
Connate,  93.     Fig.  150,  187 
Connective,  137.     Fig.  267-269 
Contorted  aestivation,  85.     Fig.  13X 
Contorted  vernation,  86.     Fig.  137 
Convolute  vernation,  85.     Fig.  134 
Convolvulaceae,  385.       Fig.     113,    243, 

378  II. 
Corallina.     Fig.  382 
Cordate  (heart-shaped),  95.     Fig.  156 
Coriaceous,  107 
Coriander,  398 

Cork,  23,  43,  379.     Fig.  66,  80,  352 
Cork,  Conversion  into,  22 
Corm,  81.     Fig.  121 
Cormophytes,  69 
Cornaceae,  398.     Fig.  325  ir. 
Corolla,  III,  128.     Fig.    199,    200,  203- 

206,  208-210,  240-257 
Corona.  133,  134.     Fig.  254,  261,  263 
Coronarieae,  355 

Coronate  pappus,  127.     Fig.  239,  503 
Coronet,  Fig.  330 
Corpuscules,  191.     Fig:.  367 
Cortex,   286,   293,   356.      Fig.    78,  452, 

460,  472 
Cortical  layer,  394 
Cortical  tissue,   356.     Fig.     78,    83  11., 

426,  438,  476,  477 
Corylaceae,  379.     Fig.  268,  484,  485 
Corymb,  122 
Cotton,  409 
Cotyledon,  70,  86,   156,  338,   356.     Fig. 

97-99,  119,  335,  368,  369,  461  IV. 
Covenng-leaves,  86 
'  Coxcomb,'  2x9 
,    Ctassulaceae,  406.     Fig.  192 
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CRE 

Cremocarp,  X5J>.397«     Fig.  318,  509-5x2 

Crenate,  99.     Fig.  159 

Crenulate  (finely  crenate). 

Cretaceous  system,  429 

Cross-fertilisation,  185 

Croton-oil,  378 

Cruciferse,  412.     Fig.  195,  200,  204,  232, 

252,  274,  317,  336-339.  527-530 
Cruciform  corolla,  131.     Fig.  252 
Crumpled  aestivation,  85 
Crumpled  vernation,  86 
Crustaceous  Lichens,  286,  290 
Cryptogamia,  243,  247 
Crystal,  30.     Fig.  48-5 it  67 
CrystaUoid,  31.     Fig.  §2 
Cucurbitaceae,  399.     Fig.  71 
Culm,  77,  343.     Kig.  142,  464 
Cuneate,  97.     Fig.  163 
Cup,  Fig.  414 

Cupressmeae,  336.     Fig.  ^55,  456 
Cupule,  147,  299,  379.    Fig.  303,  349,  485 
Cupuliferae,  378.     Fig.  223,  303,  379 
Currents  of  water^  159 
Cuscuta,  331.     Fig.  378  II. 
Cuspidate,  105 
Cuticle,  58.     Fig.  21 
Cutting,  180,  181 
Cyatheaceae,  316.     Fig.  437 
Cycadeae,  246,  333,   373,  420,  423,  426, 

428.     Fig.  453,545.546 
Cyhndncal,  106.     Fig.  192 
Cyme,  122,  382.    Fig.  226,  227 
Cyperaceae,  345.     Fig.  465-467 
Cypsela,  154.      Fig.  235-239,  327,  501, 

503 
Cyst   (a  kind  of  reproductive   cell    in 

certain  Fungi),  Fig.  376 
Cystocarp    (the    body    which    contains 

the  reproductive  cells  in  certain  Flo- 

rideae),  253 
Cytoblast,  11 
Cystolith,  20.     Fig.  37 


r)APHNALES,  374 

■■-^     Darwin.  6,  163 

Daughter-cell,  32 

Deadly  nightshade,  384      Fig.  495 

De  Bary,  6,  283 

De  CandoUe,  5,  243 

Deciduous,  108,  125,  134 

Decurrent,  92,  94.     Fig.  151,  152 

Decussate,  76,  87,  382.     Fig.  138 

'  D^doublement,'  218,  221 

Definite  inflorescence,  124 

Degradation-products,  177 

Dehiscence  by  pores,  141.     Fie.  282,  284 

Dehiscence    by    recurved    valves,    141. 

Fig.  281,  283 
Dehiscence  of  capsules,  148.     Fig.  306- 

313 
Dehiscent,  148.     Fig.  306-318 
Deltoid,  105 
Dentate,  98,  127.     Fig.  168,  172 


EBB 

Denticulate  (finely  dentate). 
Dermatogen,  56,  83  11. 
Desmidieae,  256.     Fig.  383 
Desmodium,  205 
Devonian  system,  420 
Diadelphous,  139,  400.     Fig.  276 
Diatomaceae,   249,   250,    256.     Fig.    38, 

J381,  388 
Dichlamydeous    (applied    to    a    flower 

which  nas  both  calyx  and  corolla). 
Dichogamy,  186 

Dichotomous,  76.     Fig.  226,  378  i. 
Dichotomous  cyme,  123.     Fig.  226 
Diclinous.     See  Unisexual 
Djcotyledones,  156,  246,  356,  429 
Dictyogens  (a  term  sometimes^  given  to 

those    Monocotyledones   which   have 

net-veined  leaves). 
Did3mamous,  138,  380,  382.     Fig.   271, 

Diffusion.     See  Osmose 

Dimorphism,  z86 

Dioecious  (living  apart),  zx2,  257,  389 

Dionaea,  203.     Fig.  372 

Dioscorales,  351 

Dioscoreaceae,  351 

Dioscorides,  3 

Diosmose.    See  Osmose 

Dippel,  6 

Dipsacaceae,  419 

Disc,  (when  applied  to  the  flower,  an 
elevated  portion  of  the  recei)tacle  be- 
tween the  stamens  and  the  pistil),  80, 
397,  406.     Fig.  122 

Disciflorae,  406 

Diseases  of  plants,  224 

Dissepiment.    See  Septum 

Diurnal  position,  206 

Division,  250,  267,  278 

Dodder.    See  Cuscuta 

Dodonaeus,  3 

Dormant  buds,  83 

Dorsal  suture,  142 

Dorsifixed,  140.     Fig.  282 

Dotted  vessel,  47 

Double  flowers,  141,  218,  221.     Fig.  286 

Drosera,  163 

Droseraceae,  406.     Fig.  263,  372 

Drupaceae,  406.     Fig.  325  i. 

Drupe,  152,  406.     Fig.  325 

Drupel  (a  small  drupe).  Fig.  521  il. 

Duct  (an  elongated  dotted  or  pitted  ves- 
sel). 

Duhamel^  6 

Duramen,  ^67 

'  Dutch  rushes,'  322 

Dwarfing,  217 

Dwarf  ir^e.    See  Androspore 
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Ekenales,  387 

Edelweiss,  391 

Ebeagnaceae,  374.     Fig.  91 

Elater,  244,  300,  320.     Fig.  422  ill.,  443 

III. 
Electrical  equilibrium,  214 
Elementary  organs,  8 
Eleutheropetalous.     Set  Apopetalous 
Eleutherophyllous.    See  Apophyllous 
Eleutherosepalous.    See  Aposepalous 
Elliptical,  95.     Fig.  154 
Emarginate,  97.     Fig.  167 
Embryo,  70,   156,    188,    189.  252.     Fig. 

83   II.,  97,  98,  305,  334-342,  363-365. 

458.  509.  5" 
Embryo-sac,   145,    187.     Fig.  300,  359- 

362,  364,  367 
Embryonic  vesicles,  187.     Fig.  360-363 
Endlicher,  5,  243 

Endocarp,  148,  152,  406.     Fig.  395,  325 
Endogenous  division,  278 
Endogens.    See  Monocotyledones 
Endophyte,  274 
Endosmose,  164 
Endosperm,   156,    190,  414.      Fig.    305, 

333,  363-365»  458,  461  iv.,  509,  511 
Endospore,  268,  280.     Fig.  399 
Enfolding  zstivation,  84.     Fig.  127 
Ensiform  ^sword-shaped),  94 
Enthophyllocarpi,  308 
Entire,  98.  131 
Elntomophilous,  184 
Eocene  system,  429 
Ei^rideae,  389 

Epicarp,  148,  406.     Fig.  305,  325 
Epidermal  tissue,  56,  57.    Fig.  80,  83  11., 

426 
Epidermis,  58,  356.     Fig.  21,  64,  80,  85, 

86,  100,  438,  444,  452,  460,  472 
Epig>'na;,  355 

Epigynous,  115,  140.     Fig;.  210,  279 
Epipetalous,  115,  140.     Fig.  271,  272 
Epiphyte,  233,  274 
Epispore,  356 
Equisetaceae,  245,  316,  423.     Fig.  83  i., 

443-445 
Erect,  145 

Ergot,  227,  283.     Fig.  375 
Ericaceae,  387.     Fig.  240,  282,  284 
Ericales,  387 
•  Espinillo,'  455 
Eucalyptus,  399,  446 
Euphorbiaceae,  376.   Fig.  46, 76, 482,  483 
Euphorbiales,  ^76 
Europaeo-Sibenan  forest-region,  438 
Evergreen,  108 
'  Everlastings,'  391,  445 
Exalbuminous,  156,  190.  Fig.  97,  336-339 
Exclpulum,  288 
Exogens.     See  Dicotyledones 
Exosmose,  164 

Exospore,  267,  280,  320.    ¥\g.  -^ 
Extine  (the  outer  of   0:\e  iwo  coaXs  o^ 
the  pollen-grain,  througYv  wYddi  iVe 


FOL 

inner  coat  ot  intine  protrudes)    Fig 

358,  366 
Extrwse,  14T 
Eyes,  8ol     Fig.  116,  1x7 

pALKLAND  ISLANDS.  461 

•*■       Family,  238 

Farinos^  27 

Fasdation,  219 

Fasciculated  root,  75,     Fig.  106,  107 

Favus,  275 
Feejee  Islands,  459 
Female  (  2\  112,  X83.     Fig.  302,  260  il, 

303,  48X  111. -v.,  48s  III..  IV. 

Fennel,  398.     Fig.  507,  509 

Fermentation,  276,  377 

Ferns.    See  Filices 

Fertile  hyphae,  263 

Fertilisation,    183,    251.      Fig.  361,  362 

366,  367,  385,  386.  403 
Fertilising  tube,  270.     Fig.  403 
Fibrous  root,  74.     Fig.  105 
Fibrovascular  bundle,  64,   320,  339,  357. 

371.     Fig.  93,95,  438,  444, '452,' 46c,' 

.472.  473 
Ficoidales,  398 
Ficoideae,  399 
Fig,  Fig.  215 
Filament,    137.     Fig.   267-270,  272-278, 

281-285 
Filices,  245,  308,  420,  423.     Fig.  36,  69, 
^,436-442.  5*0-542,  544 
tihform,  73,  107,  144.     Fig.  104,  177 
Filiform  apparatus,  190.     Fig.  361 
Fimbriate,  118,  131.     Fig.  250 
Fission,  250 
Fistulose  (conuining  hollow  chambers), 

107 
Fleshy,  107.     Fig.  192 
Floatmg  roots,  73 
Floccose,  no 
'  Floral  clock,'  206 
Floral  diagram,  113.      Fig.  204-206,  461 

III.,  468  III.,  487,  489  III.,  497  II.,  514 

II.,  522,  526,  533  II. 
Floral  leaves,  86 
Florets  of  the  disc,  120,  390.     Fig.  214, 

244,  492  111. 
Florets  of  the  ray,  120,  390.      Fig.  214, 

219,  492  II. 
Flondeae,  249,  253,  259.     Fig.  382,  386 
Flower,  70,  iio,  183.    Fig.  199-214,  488- 

490,  492-497,  507,  508,  532,  533 
Flowering  plants.     See  Phanerogamia 
Flowerless  plants.     See  Cryptogamia 
'  Flowers  of  tan,'  199,  284 
Folded  vernation,  85.      Fig.  132 
Foliaceous  Lichens,  286,  290.     Fig.  416, 

417 
Fohage-leaves,  86,  87,  220.  Fig.  138-195, 
I        513 
\    ^cJC\o«i'^t\(a.\kat,  296,  298.      Fig    423- 
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FOL 

Follicle,  149,  414.     Fig.  314,  315,  531  11. 

Foramen.    See  Micropyle 

Formative  tissue,  41 

Fossil,  410.     Fig.  534-546 

Fovilla  (the  fluid  contents  of  the  pollen* 

grain). 
Free,  92.     Fig.  154 
Free  cell-formation,  33.     Fig.  55  11. 
Free  central  placentation,  145,  409.  Fig. 

298,  525 
Freezing,  Effects  of,  211 
Fringed,  131.     Fig.  250 
Frond,  312 
Fruit,  70,  112,  146,  304.     Fig.  305-327, 

481,  483,  48^,  501,  504,  509-5",  523  IV. 
Fruticose  Lichens,  286,  290.     Fig.  409, 

^414,415 

Fucaceae,  249,  257.     Fig.  387,  389,  390 

Fuchs,  3 

Fumariaceae,  414 

Fundamentai  tissue,  57,  67,  361.     Fig. 

8311. 
Fungi,  225,  244,   262.     Fig.  i,  65,  347, 
^  374-377.  392-408 
Fungus-cellulose,  263 
Funiculus,  144,  154.  Fig.  97,  299,  316,  326 
Furrow,  398.     Fig.  509-512 
Fusiform  (spindle-shaped),  73.     Fig.  102 


(^ALAPAGOS  ISLANDS,  460 
^-^    Galea,  349 
Galls,  233  379.     Fig.  379 
Gamopetalae,  380 
Gamopetalous,  129.     Fig.  240-249 
Gamophyllous,  134.     Fig.  207 
Gamosepalous,  124.     Fig.  229,  230 
Gangrene,  224,  233 
'  Garuas,'  453 
Gasteromycetes,  282 
Gelatinous  Lichens,  287,  290.     Fig.  412 
(^minate  (when  two  leaves  spring  from 
the  same  node,  but  are  not  opposite), 

_  p.  384 

Gemmae,   83,    178,    X79,   250,    270,   305. 

^  FiS-  3fJ9 
C^mmation,  222,  261 
Generating  tissue,  41 
Generation,  177 
Gentianaceae,  387 
Gentianales,  385 
Genus,  238 

Geography  of  plants,  2,  6,  432 
Geological  systems,  420 
Geotropism  (turning  earthwards),  207 
(jeraniaceae,  407.     Fig.  231,  320,  322 
Geraniales,  407 
Germ-cell,  178,  183,  251 
(terminal  vesicles.    See  Embryonic  vesi- 
cles 
Germination,  192,     Fig.  368-370 
Gesneraceae,  382.     Fig.  296 
Gessner.  3      ^ 
Glabrous  (entirely  destitute  of  hairs). 


HER 

Gland,  52,  63,  no,  384,  399.     Fig.  26$, 

283 
Glandular  hair,  64,  no.     Fig.  92 
Glans,  154.     Fig.  303 
Gleba,  264 
Gleicheniaceae,  3x6 
Globoid,  31 

Globose,  129,  131.     Fig.  240 
Globule,  293.     Fig.  418  iii.,  419 
Glomerulus,  123 
Glumaceous,  134 
Glumales,  343,  355 

Glume,  86,  343,  347.     Fig.  461,  466,  467 
Gnetaceae,  338 
Goeppert,  5,  6,  431 
Goethe,  6,  220 
Gonidia,  178,  179,  286.     Fig.  409,  411- 

413 
C^onidial  layer,  286.     Fig.  409  11. 
Graft,  180,  182.     Fi^.  353 
Gramineae,   343.     Fig.   70,  93,  142,  292, 

368,  461-464 
Granulose,  27 
Grasses.    .S^^  Gramineae 
Gravitation,  2x5 
Gray,  Asa,  6 
Grew,  5 
Grisebach,  432 
Guard-cell,  j8.     Fig.  85 
'  Gulf-weed,  254 
Gum,  404,  406 
Gum-passage,  53,  373 
Gutta-percha,  24 
Guttiferae,  409 
Guttiferales,  409 
Gymnocarpous  Lichens,  288 
Gymnospermous  (when  the  ovules  are  not 

enclosed  in  an  ovary).  Fig.  304,  458 
Gymnosperms,  191,  246,  333 
Gymnostomous,  304 
Gynaeceum,  iii,  142 
Gynandrous,  140.     Fig.  279,  468  iv. 
Gynobasic,  382.    Fig  290,  490  11. 
Gynostegium,  349.     Fig.  468  iv. 

LJAIR,  61,  109.     Fig.  87-92 

^^     Hales,  6 

Half-inferior,  115 

Hanstein,  6 

Hartig,  6 

Hastate,  96.     Fig.  161 

Haustoria,  73,  75,  23X,  281.     Fig.  378 

Head,  295 

Healing-tissue,  43 

Heat,  208.     Fig.  373 

Heliotropism   (turning  sunwards),   207, 

214 
Hellebore,  415 
Hemlock,  398.     Fig.  5x1 
Henbane,  384.     Fig.  496 
Hepaticae,'244^  2q6»    ^v^-  'Jj'a-*  *«'*-"^~  *''*-'^ 
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HES 

Hesperidium,  xc^ 

Heteromorous  Lichens,  286,  39a  Fig. 
409,  414,  4£6 

Heteromorphic  (of  more  than  one  differ- 
ent form),  Fig.  177,  195 

Heterophyllous,  107.     r  ig.  177,  195 

Heterosporous    Vascular    Oyptogams, 

245.  332 
Heterostylism,  186.     Fig.  357 
Hildebrand,  6 
Hilum,  146,  154 
Hippocrates,  3 
Hirsute,  1x0 
Hispid,  no 
Honmann,  6 
Hofmeister,  6 

HomOomerous  Lichens,  290.  Fig.  4x01,4x2 
Honey-dew,'  228 
Honey-gland.    See  Nectary 
Hooded,  131 
Hooker,  6 
Horn,  251 

Horse-tails.    See  Equisetaceae 
Host.  165,  231,  274.     Fig.  346,  347,  374, 

378 
Humboldt,  6,  434 
Hyacinth-pest,  23X 
Hybrid,  194 
Hydrocyanic  acid,  406 
Hydrodictyeae,  256.     Fig.  58 
Hydrogen,  162,  167 
Hydrophyllaceae,  385 
Hydropterides.    See  Rhizocarpeae 
Hylaea,  451 
Hymenial  layer,  288 
Hymenium,  264.     Fig.  W3,  398,  413 
Hymenomycetes,  282.     Fig.  392,  393 
Hyraenophyllaceae,   3x6.     Fig.  439  vi., 

VII.,  440  II. 
Hypantnodium,  117.     Fig.  215 
Hypericacese,  40^ 
Hyphae,  262.     Fig.  347 
Hypocrateriform,  129.     Fig.  247 
Hypoderma,  58 

Hypodermiae,  281.  Fig.  375,  406,  407 
Hypogynous,  115, 140.  Fig.  209,  294 
Hypsophyllary  leaves,  86 

'  ICELAND  MOSS,'  287,  290 

•*•     ♦  Igapo,'  451 
Imbricate,  84,  119.     Figs.  127-131,  219 
Imparipinnate,  lox.     Fig.  184 
Imperfect,  112 

I  mpregnation.     See  Fertilisation 
Incised,  99,  125.     Fig.  173,  X74 
Incompletae,  374 
Incrustation.  21 

Indefinite  inflorescence,  123,  409 
Indehiscent,  148.     Fig.  305 
Indian  monsoon  region,  442 
In  duplicate  aestivation  (folded  in  at  the 

edges),  Fig.  126 
Indusium,  313.     Fig.  439  i.-iv. 


LAB 

Inferior,  1x4.     Fig.  501 

Infiltration,  2x 

Inflated,  107,  125.     Figf.  234 

Inflorescence,  xx6.     Figs.   212-227,  4S1, 

t&2,  485.  486,  499 
Infundibuliform     (funnel-shaped),    125, 

129.     Fig.  243 
Ingenhousz,  6 
Innate.  ^  See  Basifixed 
Innovation,  305 
Inorganic  substances,  i 
Insertion,  114 

Integument,  145, 155.     Figr.  gj^  300 
Intercellular  pas.sage,  36 
Intercellular  space,  36.     Fig.  23,  60,  63, 

472  B 
*  Intercellular  substance,'  36.     Fig.  57 
Intemode,  76.     Fig.  418,  472  b,  504 
Interruptedly  pinnate,  103.   Fig.  186, 187 
Intine  (the   inner  of  the  two  coats  of 

the    pollen-|;rain,   the    protrusion    of 

whicn  constitutes  the  poUexi-tube),  Fig. 

358,  366 
Introrse,  14X.     Fig.  274 
Intussusception,  15,  27,  177 
Inulin,  31.     Fig.  53 
Involucel,  120,  390,  394.     Fig.  221,  506 
Involucre.  87,  xi8,  x2o,  390,  394.     Fig. 

213,  2x4,  219,  SCO 
Involute  vernation,  86.     Fig.  136 
Ipecacuanha,  394 
Irideae,  349.     Fig.  121,  261, 
Iron,  162,  x68 
Irregular,  124,  129.     Fig.  230,  23X,  246, 

248,  249,  253 
Irritability.     See  Sensitiveness 
Isoeteae,  329,  332.     Fig.  451 
Isosporous  Vascular  Crypt<^anas,  245 

JUAN  FERNANDEZ,  460 

J     Juglandeae,  379 

Jugum,  lox,   398.     Fig.    184,    18s,   187, 

309-512 

«ng,  4 

ungermannieae,  301.     Fig.  423-425     * 
Jurassic  system,  428 
Jussieu,  5,  243 


293 


1 


T^ALAHARI  REGION,  444 
"^  *■     Karroo-plain,  445 
Karsten,  6 
Keel.    See  Carina 
Kerguelen's  Land,  461 
Keuper,  426 
Knot,  367 
'  Koa,'  459 

T  ABELLUM,  349.     Fig.  468  i. 

^    Labiate,  382.     Fig.   230,  248.  267. 

269,  273,  321,  489-492 
Labiatiflorae,  39x 
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LAC 

Laciniate,  100.     Fig.  177 

Lamella  (a  thin  plate),  Fig.  392 

Lamiales,  382 

Lamina,   89,   131.      Fig.    142,    147-195, 

250 
Laminarieae,  257.     Fig.  390 
Lanceolate,  94.     Fig.  153 
Lateral,  145.     Fig.  34X 
Lateral  dehiscence,  141 
Lateral  ribs,  105 
Lateral  root,  73.     Fig.  99 
Latex,  51,  378,  ^91,  411 
Laticiferous  cell,  51 
Laticiferous  vessel,  51,  341,  368.     Fig. 

,  51,  76,  77,  476  . 

Latisept,  413.     Fig.  530  III. 

*  Lattice-plant,'  459 

Latticed  cell,  49 

Lauraceae,  374,  452.     Fig.  283 

Laurales,  374 

Laurentian  system,  420 

Layering,  180 

Leaf,  70,  71,  86,  220,  342,  370.     Fig.  99, 

138-196,  513 
Leaf-cycle,  87 

Leaf-sheath,  82.     Fig.  1^2,  107 
Leaf-spine,  zoo,  220.     Fig.  152,  172 
Leaf-stalk.    See  Petiole 
Leaf-tendril,  109.     Fig.  146,  514 
Leaf-trace,  360.     Fig.  452 
Legume,  150,  400.     Fig.  288,  316,  515, 

516  I. 
Leguminosae,  400.     Fig.  97-99,  143,  146, 

182,  184,  185,  212,  *253,  276,  288,  316 

324,  514-517 
Lentibulariaceae.     See  Utriculariaceae 
Lenticel,  46 

Lepidodendron,  420.     Fig.  535-537 
Leptothrix,  259,  261.     Fig.  391  11. 
Liane,  451   . 
Liber  (the  inner  fibrous  portion  of  the 

bark). 
Libriform  cell,  364 
Lichenes,  244,  215.     Fig.  409-417 
Lichenin,  287,  290 
Light,  211.     Fig.  373 
Lignification,  22 
Lignine,  23 
Lignite,  424,  430 

ligulate,  129,  390.     Fig.  2^6,  499  il. 
Ligule,  92,   132,   343.      Fig,    142,   147, 

251.  254 
Liguliflorse,  390 
LiRaceae,  355.     Fig.  112,  287 
Liliales,  355 
Linaceae,  307 
Lindley,  6,  243 
Linear,  94.     Fig.  147 
Linnaeus,  4,  238,  240 
Linnean  system,  5,  240 
Liquorice,  402 
Litmus,  290 

Liverworts.    See  Hepaticae 
Llanos,  451 


MES 

Lobed,  zoo,  z«5.     Fig.  Z79 
Lobelius,  3 

Loculicidal  dehiscence,  Z49.     Fig.  307 
Loculus,   Z40,   Z44,   X48.     Fig.  280-284 

206-298,  5Z9 
Lodicule,  Z34,  343 
Loganiaceae,  387 
Logwood,  403,  450 
Lomentum,   X52,  400,  4x3.      Fig.    324, 

516 II.,  530  IV. 
Longitudinal     dehiscence,     Z4Z.      Fig. 

270,  280 
Longitudinal  section,  69.     Fig.  96 
Longitudinal  tension,  198 
Loranthaceae,  380.     Fig.  378  i. 
Lycopodiaceae,  xiii,  245,  327.     Fig.  450- 

^  452,  535-539 

Lycopodieae,  327,  332.     Fig.  450  a,  45a 

Lyrate,  99.     Fig.  176 

Lythraceae,  399 


TV/TACROSPORANGIUM,   324,  332. 

„       Fig.  447,  450 

Macrospore.  245,  306,  324,    332.     Fig- 

,447.  449-451 
Madagascar,  458 

Madder,  394 

Madeira,  457 

Magnesian  limestone,  426 

Magnesium,  Z62 

Magnoliaceae,  4z6.     Fig.  3z^ 

Male  (<J),  ZZ2,  Z83,  251.     Fig.  20Z,  260, 

43I1  457.  481,  483,  485 
Malpighi,  5 

Malpighiaceae,  407 

Malvaceae,  407.     Fig.  275,  323,  523 

Mai  vales,  407 

*  Mammoth-tree,'  236,  449 

Mangrove,  75,  442 

Manna,  290 

Manometer,  Fig.  343 

Manubrium,  295 

Manures,  Z70 

Marattiaceae,  3x6 

Marcescent,  Z83 

Marchantieae,  30Z.     Fig.  349,  422 

Marsileaceae,  327.     Fig.  448,  449 

Martins,  6 

Mascarene  Islands,  459 

Matthioli,  3 

Mediterranean  region,  ^o 

Medulla,  286,  30Z.     Fig.  409.  , Also  see 

Pith 
Medullary  rays,  68,  357,  362.     Fig.  66, 

95,  472  B 
Medullary  sheath,  366.     Fig.  478 
Melastomaceae,  399 
Meliaceae,  407 

Menispermaceae,  4x6.     Fig.  34X 
Mericarp,  151,  397.     Fig.  319-323,  509 
Meristem,  4Z 
Mesembryanthemaceae,  399.    Fig.  210 
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MES 

Mesocarp,  148,  152,  406.     Fig.  305,  325, 

519 
Mesophyll,  223,  342 

Mesozoic  strata,  426 

Metamorphosis  of  organs,  220 

Metastasis,  161,  176 

Mexican  region,  449 

*  MezQuit,'  449 
Microbacteria,  260 
Micropyle,  145.     Fig.  300 
Microsporangium,   324,  332.     Fig.  447, 

Microspore,   245,   306,   324,   332.      Fig. 

f»7.  449-45X 
Mid-rib,  105 
Migration  of  plants,  433 
Milde.  6 
Mildew,  226,  281 
Mimosa.    See  Sensitive  plant 
Mimoseae,  403,  448.     Fig.  143,  5x7 
Miocene  system,  430 
Mistletoe,  231.     Fig.  378  1.^ 
Mitraeform  corolla,  133.     Fig.  257 
Mohl,  5 
Molecule,  158 

Monadelphous,  139,  400.     Fig.  275,  523 
Monimiaceae,  374 
'Monkey-pot,  399 
Monkshood,  415.     Fig.  533 
Monocarpellary,  142.  Fig.  288, 316, 325 1. 
Monocarpic,  235 
Monochlamydeae,  374 
Monochlamydeous  (applied  to  a  flower 

which  has  a  calyx  but  no  corolla).  Fig. 

207,  259 
Monocotyledones,  ix.,  156,  246,  338,  428. 

Fig-  95.  30s,  460 
Monocotyledonous  (applied  to  an  embryo 

which  has  only  one  cotyledon). 
Monoecious  (living  together),  112,  257, 

289 
'  Monopetalous.*    See  Gamopetalous 

*  Monophyllous.'  See  Gamophyllous 
'Monosepalous.'  6"^^  Gamosepalous 
Monotropacese,  388 

Moraceae,  374.     Fig.  302 

Morphology,  i,  69  ^ 

Mosses.    See  Musci 

Mother-cell,  32.     Fig.  83  i.,  85,  385,  442 

*  Mother  of  vinegar,  276 
>Iotility  of  protoplasm,  10,  X99,  210 
Mould-fungi,  262,  279,  281.     Fig.  1,  396 
Movement  of  water  in  plants,  159 
Movement,  Phenomena  of,  195 
Mucilage,    Conversion    into,     23,     249. 

Fig.  39 
Mucor,  279,  280 

Mucorini,  271,  281.     Fig.  i,  396,  404 
Mucronate,  97.     Fig.  166 
Mulberry,  Fig.  302 
Multifid,  125 

Multiplication  of  cells,  32 
Musacese,  ^48 
Muschelkalk,  426 


OCE 

Musci,  244,  301.     Fig.  426-435 

Muscineae,  244 

Mushroom,  282.     Fig.  392 

Mycelium,  263,  279.     Fig.  392,  398, 453 

Mycoderma,  276 

Myricaceae,  376 

Myristicaceae,  374 

Myrsinaceae,  387 

Myrtaceae,  399,  446 

Myrtales,  399 

Myxomycetes,  283 


"NJAGELI,  6 

•^^     Naiadeae,  351 

Naked,  118,  390.     Fig.  304 

Napiform  (turnip-shaped),  73.     Fig.  103 

Narcissales,  349 

Nardoo,  327 

Natural  systems,  239,  243 

Neck,  Fig.  422 

Neck-cell,  191 

Nectary,  S3»  i35.     Fig.  231,  266,  533 

Negative  heliotropism,  207 

Nepenthes,  163.     Fig.  193 

Net-veined,  106.     Fig.  181,  191 

Neuter,  112.  ^  Fig.  203 

New  Caledonia,  459 

New  red  sandstone,  425 

New  Zealand,  460 

Nightshade,  384.    Fig.  495 

Nitella,  294.     Fig.  371  i.,  420 

Nitrogen,  162,  168 

Nocturnal  position',  206 

Node,  76.     Fig.  142,  211,  418,  504 

Norfolk  Island,  460 

Normal  root,  75.     Fig.  101-104 

North  American  forest-region,  446 

Nosology,  216 

Nostocaceae,  249,  255 

Notorhizal,  157.     Fig.  337 

Nucleolus,  XI.     Fig.  2,  3 

Nucleus,  8,  II,  145,  156.     Fig.  2,  3,  300 

360,  422 
Nucule,  152,  293,  384.    Fig.  321,  418  in., 

4X0,  490 
Nudiflorae,  355 
Nut,  154.     Fig.  485  V. 
Nutation,  201 

Nutrient  substances,  xiii.,  162 
Nutrition  of  plants,  162 
Nyctagmeae,  374.     Fig.  342 
Nymphaeaceae,  416.     Fig.  365 

QAK-APPLE,  Fig.  379 

^^     Oak-eall,  235.     Fig.  379 

Oak-spangle,  235 

Oases,  443 

Obcordate,  95,  97,  131.     Fig.  157 

Oblique  section,  69.     Fig.  96 

Obovate,  95 

Obsolete,  116,  395.     Fig.  507 

Oceanic  islands,  457 
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OCH 

Ochrea,  po 

CEdogomeae,  259.     Fig  371  n.,  385 

Oidium,  228,  274.     Fig.  376,  377 

Oil,  24,  176,  384 

Oil-gland,  53 

Oil-passage,  52 

Oleaceae,  387.     Fig.  247,  299 

Onagraceae,  399.     Fig.  330 

Onygenei,  282 

Oogonium,  251,  270.     Fig.  385,  403 

Oolite,  428 

Oosphere,  178,  183,  192,  251,  270,  299. 

Fig.  385,  422 
Oospore,  250,  270,  271.     Yvg.  449 
Open  bundle,  64 

Operculum,  245,  304.     Fig.  433,  435 
Ophioglossaceae,  245,  322.     Fig.  446 
Opium,  411 
Opposite,   76,  87,   158,  409.     Fig.   138, 

Orbicular,  95.     Fig.  155 

Orchidales,  348 

•Orchideae,  348.     Fig,  119,  120,  468 

Order,  238 

Organic  substances,  i 

Orobanchaceae,  232,  382.     Fig.  346 

Orthoplozic,  157.     Fig.  338 

Orthospermae,  398.     Fig.  510 

Orthotropous,  145,336.     Fig.  300  i.,  359 

Oscillatorieae    (a  group  of  filamentous 

Al§ae,  distinguLshed  by  the  peculiar 

oscillating  motion  of  the  filaments),  255 
Osmose,  160,  163, 176.     Fig.  344 
Osmundaceae,  316.     Fig.  440  in. 
Oval,  95.     Fig.  154 
Ovary,   142.      Fig.    287,    290-292,   359, 

481  v.,  524  II. 
Ovate,  95.     Fig.  168 
Overgrowth,  46.     Fig.  68 
Ovule,  144,  183.    Fig.  297,  293,  300,  359, 

360,  458 
Oxygen,  162,  167 


pALiEOPHYTOLOGY,  2,  6,  417 
"'•       Palaeozoic  rocks,  420 
Palate,  130.     Fig.  249 
Paleaceous,  118,  390.     Fig.  218 
Paleae,   61,  86,   118,  134,  312,  343,  347. 

Fig.  461,  463 
Palmae,  351,  451,  452.     Fig.  95,  305,  469, 

471  , 
Palmales,  351 
Palmate,  99.     Fi^.  181 
Palmate  tuber.  Fig.  120 
Palmatifid,  9^ 
Palmatilobed,  xoo 
Palmatipartite,  99.     Fig.  183 
Palmatisect,  99.     Fi§.  173 
Palmellaceae  (a    family  of    Unicellular 

Algae),  Fig.  59 
Palmet,  445 

Palminerved,  105.     Fig.  181,  191 
Pampas  region,  454 


PER 

Pandanaceae,  355 

Panicle,  122 

*  Pantanals,'  453 

Papaveraceae,  411.     Fig.    233,  294,  313, 

526 
Papilionaceae,  400.    Fig.  97-99.  146,  253, 

276,  288,  316,  324,  514-516 
Papilionaceous  corolla,  131,  400.     Fig. 

253.  5»4 
Papilla.  326.     Fig.  84,  295,  449  i. 

Papillose,  144.     Fig.  295 

Pappus,  127,  39a      Fig.   335-239,   499. 

502 

ParacoroUa.    See  Corona 

Parallel-veined,  105,  106.     Fig.  108 

Paraphyses,  268,  288,  304.     Fig.  399  11. 

Parasite,  165,  225,  231,  274,  289.     Fig. 

346,  347.  374,  378 
Paratonic  curvature,  207,  214 
Parenchyma,  39,  364,  366.     Fig.  25,  51, 

60-63,  67,  86,  93,  426,  472,  475-477 
Parietal,  X45,  411.  Fig.  296,  326,  468  in., 

526  I. 
Parietalcs,  411 
Paripinnate,  zoi.     Fig.  185. 
Passage,  52.     Fig.  78,  79 
Passinoraceae,  399 
Passifiorales,  399 
Pasteur's  solution,  278 
Payer,  6 
Peat,  424 
Peat-moss,  424 
Pedate,  loi.     Fig.  183 
Pedatinerved,  105.     Fig.  183 
Pedicel,  116.     Fig.  225 
Pedicellate,  no.     Fig.  200 
Peduncle,  116.     Fig.  221,  225 
Peloria,  223 
Peltate  (shield-shaped,  and  attached  by 

the  centre),  63,  97,  no,  144.     Fig.  91, 

162,  294,  313,  439  I.,  443  II. 
Peltinerved,  105.     Fig.  162 
Pendulous,  145 
Penicillate,  144.     Fig.  2px 
Penicillium,  7,  279.     Fig  z 
Pepo,  153 
Perennial,  76 
Perfect,  112 

Perfoliate,  93.     Fig.  149 
Perforated,  107.     Fig.  194 
Perianth,  no,  in,  133.     Fig.  215,  258- 

261 
Periblem,  56 
Pericarp,  148.     Fig.   97,  305,   316,   326, 

Perichaetium,  300^ 

Periderm,  44.     Fig.  67 

Peridium,  264.     Fig.  394 

Perigonium,  304.     Fig.  427  iv. 

Perigynium,  134 

Perigynous,   115,    14a     Fig.   207,    208, 

256 
Periodical  movements,  2od,  2x0 
Peripheric,  X58.    Fig.  340,  342 
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Perispenn,  xga  Fig.  365 
Peristome,  304.  Fig.  430 
Perithediim,  266,   268,   271,   283.     Fig. 

Permanent  tissue,  41 
Permian  system,  435 
Peronosporeac,  230,  270,  281.     Fig.  377, 

Persistent,  126,  134.     Fig.  234 

Personales,  380 

Personate,  130.     Fig.  249 

Peruvian  bark.    See  Cinchona 

Petal,  138.  220.     Fig.  250-253,  263,  286, 

533 
Petaioid,  134,  144.     Fig.  261,  293 
Petiolate,  9a     Via.  148,  154-162 
Petiole,  89,  90.     Fig.  148,  154-Z62 
Petiolule,  94 

Phanerogamia,  67,  243,  333 
Phascaceae,  306 
Phlo«m.    6*^  Bast 
Phosphoric  acid,  169 
Phosphorus,  162 
Phycomycctes,  262, 1:80 
Phylloclade,  78.   Fig.  112 
Phyllode,  218.     Fig.  143 
Phyllotaxis,  87 
Physiology,  2,  6,  158 
Phytolaccaceae,  374 
Pictorial  Lichens,  286,  390.     Fig.   4x0, 

411 
Pileus,  264.     Fig.  392,  393 
Pilose,  127.     Fig.  235,  236 
Pinna,  104.     Fig.  184-190,  436,  439 
Pinnate,  100.     Fig.  Z64-Z67 
Pinnatifid,  99 

Finnatinerved,  105.     Fig.  163 
Pinnatipartite,  99 
Pinnatisect,  99.     Fig.  174 
Pinnule,  104.     Fig.  188-190 
Piperaceae,  378 
Piperales,  37S 
Pistil,  III,  142.     Fig.  200,  202,  2rs,  26s, 

287-299,  322,  502 
Pistillate.    See  Female 
Pitcher,  91,  107.     Fig.  193 
Pith,  67.    Fig.  19, 95,  100,  352, 368,  472  B. 

477.  478 
Pitted,  118    » 

Pitted  canal.    See  Pore-canal 
Pitted  cell,  ao,  372.     Fig.  27,  35,  70 
Pitted  vessel,  67,  ^66.     Fig.  93,  478 
Placenta^  144.     Fig.  296-298,  316,  326 
Plasmodium,  199,  284 
Platanaceae,  376 
Pleistocene  formation,  431 
Plerome,  57 

Pleurocarpij  308.     Fig.  434,  435 
Pleurorhizal,  157      Fig,  336 
Plicate  vernation,  85.     Fig.  133 
Pliny,  3 

Pliocene  syste  n,  430 
Plum-disease,  229 
Flumbagineae,  387.    Fig.  295 


PKO 

Plumose,  127,  144.     Fig.  237,  238,  292 
Plumule,  71,  76,  156,   194.     Fig.  97,  98, 
368,  461  IV. 

*  Pocket,'  229 

*  Pod,'  229 

Polemoniaceae,  385.     Fig.  39 
Polemoniales,  384 

Pollen,  1x2,  138,  140,  183.     Fig.  355 
Pollen-grain,    Fig.  355,  358,    359,  366, 

367 
Pollen-tube,  187.      Fig.    358,  359,  361, 

362,  364,  366,  367 
Pollination,  184 

Pollinium,  141,  349.     Fig.  355  e,  468 
Pollinodium,    y,  283 
Polyadelphous,  139.     Fig.  277 
Polycarpellary.  142.     Fig.  323,  525 
Polycarpic,  235 
Polygalaceae,  411 
Polygalales,  410 
Polygamous,  1x3 

Polygonaceaj,  374.     Fig.  258,  359 
Polymorphy,  272 

'  Polypetalous.     See  Apopetalous 
*  Polyphyllous.'    See  Apophylloos 
Polypodiaceae,  716.    Fig.  439  i.-v.,  440  L 
'  Polysepalous.     See  Apos^talous 
Pome,  147,  404.     Fig.  519 
Pomeae,  404.    Fig.  518,  519 
Pore-cauial,  19.     Big.  19,  20,  22-25,  27 
Pore-capsule  (a  capsule  which  dehi^xs 

by  pQt«s  at  or  near  its  apex),  Fig. 

Portulacaceae,  410 

Positive  heliotropism,  207 

Post-pliocene  formation,  431 

Potamales,  351 

Potamese,  351 

Potassium,  xiii.,  162,  169 

Potato,  384.     Fig.  42,  1x6,  ^97 

Potato-disease,  230,  281.     Fig.  377 

Practical  botany,  2 

Prairie  region,  448 

Prickle,  63,  X09.     Fig.  90,  198 

Priestley,  6 

Primary  cell-wall,  15.     Fig.  19,  20 

Primary  cortex,  64,  357 

Primary  meristem,  41 

Primary  rocks,  420 

Primary  root,  73.     Fig.  99,  X02-104 

Primary  stem,  7(6 

Primine,  145.     Fig.  300 

Primordial  cell,  10,  12,  199,  262 

Primordial  utricle,  9 

Primulaceae,  387.     Fig.    138,  298,  306, 

311 
Pnmulales,  387 
Pringsheim,  6 

Procambium,  43,  57,  64.     Fig.  83  11. 
Pro-embryo,  X89,  192,  332 
Progressive  metamorphosis,  222 
ProUfication,  222,  305.     Fig.  427  iv. 
Promycehum,  269 
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PRO 

Prosenchyma,  39,  364 
Prosenchymatouc    cell,    309,   342,   364, 

368.     Fig.  14,  15,  26,  27,  438 
Protandrous  {protosy  first),  186 
Proteaceae,  374 
Proteinaceous  substances.    See  Albumin 

noids 
Protein-crystal.    See  Crystalloid 
ProthalUum,   245,   294,    300,   305,   315, 

321,  322.     Fig.  418  II.,  441,  443,  445, 

449,  451  IV. 
Protista,  260 
Protococcus,  256,  261 
Protogynous,  186 
Protomycetes,  282 
Pro  tone  ma,  305 

Protoplasm,  8.     Fie.  2,  ^,  361,  401 
Pseudo-bulb  {pseudos,  false},  349 
Pseudocarp,  121,    127,    146,    404,    405. 

Fig.  30i»  302.  519 
Pseudo-parenchyma,  40,  248,  262.     Fig. 

393 
Pseudo-syncarp,  147.     Fig.  302 
Pubescent,  ixo 

Puccinia,  273,  274.     Fig.  406,  407 
Pulvinus,  90 
'  Punctum  vegetationisi'     See  Growing 

point 
Putamen,  152,  406.     Fig.  325 
Putrefaction,  259 
Pycnidium,  268 
Pyrene,  153 

Pyrenomycetes,  274,  283 
Pyrolaceae,  388.     Fig.  334 
Pyxis,  149.     Fig.  311,  312,  496  in. 


QUADRILOCULAR,  6 
Quemales,  378 
>uincuncial,  84.     Fig.  130 
juinine,  394 
)uinquelocular,  144 
^uinquepinnate,  104 


"DABENHORST,  6 

■*^    Race,  237 

Raceme,  121.     Fig.  225 

Rachis,  loi,  116 

Radical  leaves,  107 

Radicle,  156,  193.     Fig.  97,  98,  368,  461 

IV. 

Rafflesiaceae,  378 

Ranales,  414 

Ranunculaceae,  414.     Fig.  206,  209,  266, 

315.  531-533 
Raphe,  146.     Fig.  300 

Raphides,  30,  168.     Fig.  50,  75 
Ray,  6 

Rayed,  120,  395.  -   Fig.  215,  508 
Receptacle,  114,  263,  390.    Fig.  213-218, 


^  375.  392-394.  399.  450,  498 
Receptacle  for  sap,  52 
*  Red  snow,*  209 


RUT 

Reduplicate  aestivation  (folded  out  at  the 

edjg^es).  Fig.  125 
Regions  of  vegetation,  434,  437 
Regular,  124,  129.     Fig.   229,   240-245, 

.  493-494 
Remdeer  moss,  290 

Rejuvenescence  of  cells,  33 

Renewal  of  cells,  32 

Reniform  (kidney-shaped),  96.    Fig.  159 

Repand,  99 

Replum,  i§i,  413.     Fig.  317,  530 

Reproduction,  177 

Reproductive  cells,  177 

Resedaceae,  414 

Reserve-materials,  159,  172 

Reservoir  of  reserve-materials,  174 

Resin,  24,  176,  338,  398 

Resin-gland,  53.     Fig.  80 

Resin-passage,  52.     Fig.  78,  79 

Resorption,  23 

Respiration,  167 

Resting-spore,  178,  252,  256,  269 

Reticulate  cell,  20.     Fig.  28 

Reticulate  vernation,  10^.     Fig.  xSi,  191 

Reticulate  vessel,  47.     Fig.  100 

Retrogressive  metamorphosis,  220 

Revolute,  105 

Revolute  vernation,  85.     Fig.  135 

Rhamnaceae,  407.     Fig.  205,  208 

*  Rhinoceros-bush,'  445 

Rhizine,  286 

Rhizocarpeae,  245,  324.     Fig.  447-449 

Rhizoid,  294,  297,  315.     Fig.  441  in. 

Rhizome,  79.     Fig.  108,   115,  436,  438, 

4f^3  I-.  444 
Rhizophoraceae,  399 

Rhomboidal,  96 

Riccieae,  300 

Ridges,  398.     Fi§.  509-512 

Ringent,  130.     tig.  248 

Roggefeld,  445 

Root,  70,  71,  72, 342, 369.  Fig.  99-107. 477 

Root-cap,  72,  370.     Y\g,  83  II.,  too 

Root-hau:,  61,  75.     Fig.  345,  443  iv. 

Root-pressure,  161 

Root-sheath,  67.     Fi^.  94 

Root-stock.     See  Rhizome 

Rosaceae,  404.     Fig.   191,  198,  228,  256, 

301,  323  I.,  518-522 
Rosaceous  corolla,  133.     Fig.  256 
Rosales,  399 
Rose-gall,  233 
Roseae,  405.      Fig.  198,  228,   256,   301, 

520-522 
Rostellum,  349.     Fig.  468 
Rotate,  125,  129,  131.     Fig.  245 
Rotation  of  crops,  171 
Rotation  of  protoplasm,  zo,  295 
Rubiaceae,  392.     Fig.  139,  504,  503 
Rubiales,  392 
Runcinate,  99.     Fig.  175 
Runner,  77,  180 
Rust,  226,  273 
Rutaceae,  407.     Fig.  277 
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C  ACCATE,  125.    Fig.  232 

•^    Saccharomyces.    3V«Toru]a 

Sachs,  6 

Sagittate,  96.    Fig.  x6o 

Sa«o,  336,  354,  373 

Sahara.  443 

St.  Helena,  458 

St.  Hilaire,  6 

Salicaceae  375.     Fig.  481 

Salicine,  175 

'Salinas,  455 

Salviniaceae,  327.     Fig.  447 

Samara,  154.     Fig.  319, 480 

Sandwich  Islands,  459 

Santalaceae,  380 

Santalales,  379 

Sap  J  Circulation  of,  175  ' 

Sapindaceae,  407.     Fig.  319 

Sapindales,  406 

Saprolegnieae,  270,  281.     Fig.  401,  403 

Saprophyte,  87,  165,  274,  275 

Sarcocarp,  148,  152,  406.     Fig.  305,  325 

Saxifragacese,  406.     Fig.  225,  326 

Scabrous,  99 

Scalariform  cell,  20,  310.     Fig.  36 

Scalariform  vessel,  47,  310,  366.     Fig. 


cale. 


Scale,  63,  81,  110.    Fig.  91, 121,  263,  304, 

„  443  "•,  458 

Scale-leaf,  87,  220 

Scaly,  81,'  T34.     Fig.  122 

Scandent,  79 

Scape,  77.     Fig.  108,  121 

Scattered,  76,  87 

Schacht,  5 

Schizaeaceae,  316 

Schizocarp,  151.     Fig.  318-323,  523  iv., 

§30  I- 
Schizocarpi.    See  Andreaeaceae 

Schizomycetes,  259.     Fig.  391 

Schleiden,  5 

Schwendener,  6 

*  Sclerotium,'  227,  263,  283,  284.     Fig. 

375,  . 
Scorpioid  cyme,  123.     Fig.  227 
Scrophulariaceae,    381.     Fig.    249,   297, 

486-488 
Scutellum,  345.     Fig.  361  iv. 
Secondary  cortex,  357 
Secondary  embryo-sac.     See  Corpuscule 
Secondary  medullary  rays,  363  ^ 
Secondary  products  of  metastasis,  176 
Secondary  root,  73.     Fig.  99,  101 
Secondary  stem,  76 
Secondary  strata,  426 
Secretional  diseases,  224 
Section,  69,  238.     Fig.  96 
Secund  (when  all   the  flowers  or  other 

organs  grow    from    one  side    of  the 

rachis).  Fig.  108,  227 
Secundine,  145.     Fig.  300 
Seed,  70,  XI 2,  154.    Fig.  97,  98,  316,  317, 

326,   365,   368-370,   458,   461   IV.,  462, 

481  VII.,  532  I. 


SPH 

Seed-leaf.    See  Q>tyledon 

Selaginelleae,  327,  332.     Fig.  450  B 

'  Selective  power,'  170 

Self-fertilisation,  185 

Senna,  402 

Sensitive  plant,  202,  403.     Fig.  517 

Sensitiveness,  202,  2x4 

Sepal,  X24,  220.     Fig.  228-233 

Sepaloid,  X33.     Fig.  258-260 

Septated  wood-cell,  366 

Septicidal,  149.     Fig.  308 

Septifragal,  149.     Fig.  309 

Septum  (the  wall  between  two  adja- 
cent loculi  of  an  ovary  or  fruit).  Fig. 
307-310 

Series,  238 

Serrate,  98.     Fig.  169 

Serrulate  (finely  serrate). 

Sesamaceae,  382 

Sessile,  xio,  X27,  X38,  X44,  154.  Fig. 
235,  237i  238,  271,  279,  298 

Seta,  300.     Fig.  427  i. 

Setose,  110,  xx8.     Fig,  2x7 

Sheath,  316.     Fig.  443  i. 

Shell-lac,  378 

Shells,  Formation  of,  16.     Fig.  20 

Shield,  295.     Fig.  418  in. 

Shrub,  76 

Sieve-disc,  48.     Fig.  72^-74 

Sieve-tube,  48,  368.     Fig.  67,  71,  72,  74» 

Sigillaria,  420.     Fig  538,  539 

Silica,  169,  249,  32X 

Silicula,  X5X,  4x3.     Fig.  317,  530  11.  m. 

Siliqua,  151,  4x3.     Fig.  526,  528 

Silky,  no 

Silurian  system,  420 

*  Silver-grain,'  363.     Fig.  474,  475,  479 

Simarubaceae,  407 

Simple,  94,  X20 

Sinuate,  xoo.     Fig.  x8o 

Siphoneae,  257.     Fig.  8x,  380,  384 

SUt,  xoo 

Smut,  226,  281 

Sodium,  162 

Soft  bast,  50,  66 

Solanaceae,   384.      Fig.    n6,   234,   31 

493-497 
Solitary,  xi6 

Soredium,  287.     Fijj.  409 

Sorus,  3x2,  324.     Fig.  439 

Spadix,  121,  354 

Spathe,  86,  X2x,  351,  354 

Spathulate,  97.     Fig.  165 

Species,  194,  237 

Sperm-cell,  251 

Spermatia,  v,  272,  288.     Fig.  405,  406 

Spermatozoid.     See  Antherozoid 

Spermogonium,  272,  281,  288.     Fig.  406, 

Sphaerobacteria,  260    . 

Sphagnaceae,  30X,  306,  424.     Fig.  426 1., 

431 
Sphere-crystal,  31.     Fig.  53 
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SPI 

Spike,  1 20.     Fig^  222 

Spikelet,  121.     Fie.  461  i. 

Spine,  109,  217.     Fig.  197 

Spiny,  90      Fig.  1^2,  172,  184,  333,  510 

Spiral  cell,  20.     Fig.  m,  30,  33 

Spiral  embryo,  157.     Fig.  339 

Spiral  vessel,  47.     Fig.  93,  100,  478 

Sporang^ole,  273 

Sporangiophore,  273  280 

Sporangium,  178,  266,  280,  304  312,  324. 

Fig-  394»  396,  427.  429»  433.  439.  440, 

443.  446.  450 
Spore,  178,  266,  279.     Fig.  376,  377,  393, 

394,  396-398,  418  II.,  441  I. 
Spore  sac.     See  Ascus 
Sporidesmium,  267.     Fig.  397 
Sporidium,  269.     Fig.  407 
Sporocari),vii,  324.     Fig.  447,  448 
Sporogonium,  244,  299,  304.     Fig.  421, 

427,  431 
Sprengel,  6 

Spur,  1^5,  136.     Fig.  231,  264,  266 
Spurred,  125,  130.     Fig.  231,  264,  266 
*  Spurred  rye.'    See  Er^ot 
Squamose  bulb,  82.     Fie.  122 
Stag's  horn  moss.    See  Club-moss 
Stamen,  iii,  137,  220.     Fig.  201,  207- 

211,  265-286,  459,  ^91,  524,  529 
Staminate.     See  Male 
Staminode,  135,  137.     Fig.  262 
Standard.    See  Vexillum 
Starch,  26^  173,     Fig.  42-46 
Stegocarpi.     See  Bryaces 
Stellatae,  393.     Fig.  139,  504 
Stellate  parenchyma,  40.     Fig.  63 
Stem,  70,  71,  75.     Fi^.  108-122 
Stem-tendril,  109.     tig.  196 
Steppe-region,  441 
Sterculiaceae.  409 
Sterigma,  267.     Fig.  398  in. 
Stigma,   142,  143.      Fig.  211,  287,  290- 

295,  359,  461,  468 
Stigmana,  422 

Stinging  hair,  63,  no.     Fig.  88 
Stipella,  92,  400 
Stipes  (in  Basidiomycetous  Fungi,   the 

stalk  of  the  pileus),  Fig.  392,  393 
Stipitate  (stalked),  127.     Fig.  236 
Stipule,  91.     Fig.  144-146,  154,  182, 184, 

185,  187,  «4 
Stolon  (a  shoot  which,  after  appearing 

above  the  surface,  afterwards  strikes 

down  into  the  soil,  and  roots',  305 
Stoma,  58,  161,  304,  320.     Fig.  85,  86, 

430,  44^,  460 
Stone-fruit.     See  Drupe 
Stratification,  417 
Stratified  Lichens,  286.     Fig.  409,  414- 

4x6 
Strawberry,  146,  405.     Fig.  301 
'  Streaming '  of  protoplasm,  199 
Striation,  16.     Fig.  36 
Strobilus,  121 
Stroma,  263 


TER 

Strophiole,  155 

Style,  142,  143.     Fijg.  287,  290,  291 

Stylopode,  397.     Fig.  507  11. 

Stylospore,  26S 

Styraceae,  387 

Suber.    See  Cork 

Subfamily,  239 

Subkingdom,  238 

Subrotund  (nearly  round),  95 

Subsidiary  organs,  108,  134 

Siibsi>ecies,  237 

Subtribe,  239 

Subulate,  105 

Subvariety,  237 

Succession  of  crops,  170 

Succulent,  107,  134.     Fig.  192,  302,  326 

Suction,  160^ 

Sudan,  443 

Suf&uticose,  77 

Sugar,  345 

Sulphur,  162,  168 

*  Sulphur-rain,'  184 
Sunflower,  391 
Superior,  114. 

Supradecompound,  103.     Fig.  188*190 
Suspensor,  189,  332.     Fig.  83  11.,  363 
Sutural  dehiscence,  149 

Suture,  142 

'  Swarming,'  10 

Swarmspore,  178,  200, 250, 268.  Fig.  83, 
385,  400,  401 

Symmetrical,  124,  120 

Sympetalous.     See  Gamopetalous 

Symphyllous.     See  Gamophyllous 

Sympoaium,  76,  122 

Syncarp,  146 

Syncarpous  (applied  to  an  ovary  or  fruit 
the  carpels  of  which  are  closely  cohe- 
rent). Fig.  313,  320,  323,  326 

Syngenesious,  140, 390.    Fig.  278,  499  iii. 

Synsepalous.    See  Gamosepalous 

npABERNiEMONTANUS,  4 
-'-      Tamarind,  402 
Tangential  section,  69.     Fig.  96 
Tannin,  379 
Tap-root,  73.     Fig.  loi 
Tapioca,  378 

Taxineae,  337.     Fig.  328,  457 
Teeth,  149.    Fig.  306,  525  i. 
Tegmen,  155 

*  Tela  contexta,'  39.     Fig.  65 

*  Telegraph-plant,'  205 
Teleutospore.     See  Resting-spore 
Temperature,  208 

Tendril,  108,  203,  400.     Fig.   146,   196, 

514. 
Tension  of  tissues,  176,  197 

Teratology,  216 
Terebinthaceae,  407 
Terminal  bud,  82.     Fie.  123 
Terminal  style,  i^^.     Fig.  289,  291 
Temate.    ^ee  Tnfoliolate 
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Terplnnate,  104.     Fig.  189 
'Icrtiary  rocks,  429 

Testa,  70,   155-     Fig-  97.  3«>5.   331-334, 

165.  ^6q,  .^70,  461  IV. 
Tetradynamous,    138,    4x3.      Fig.   300, 

274«  52Q 
Tetraspore,  178,  250.     Fig.  38a 
Thalamiflorae.  407 

Thalamifloral  corolla,  114.     Fig.  309 
Thalamus  (the  receptacle  of  a  flower,  or 

part  to  which  the  other  organs  are  at- 
tached). Fig.  S09 
Thallotd  Hepaticae,  296,  398.     Fig.  349, 

421,  422 
Thallophytes,  69,  244 
Thallus,  69,  285.     Fig.  389, 409, 414,  415, 

418,  421,  422 
Theca  (repository  or  urn),  268,  304.    Fig. 

399.  427,  429,  430,  433 
Thecaspore.    See  Ascospore 
Theophrastus,  3 

Thickening-layer,  15.     Fig.  19-^1 
Thickening-ring,  43.     Fig.  460,  472  b 
Thorn-apple,  384.     Fig.  310,  494 
Thymelaeaceae,  374.     Fig.  207 
Thyrse,  122 
Tiliaceae,  409 
Tissue,  37 

Tobacco,  384.     Fig.  493 
1  omato,  384 
Tomentose,  no 

Toothed,  125,  yi.    Fig.  230,  250 
Torula,  277.     Fig.  402 
Toumefort,  4 

Tracheide,  20,  367.     Fig.  35 
Transition  from  stamens  to  petals,  141, 

221.     Fig.  286 
Transpiration,  160 
Transverse  dehiscence,  141,   149.     Fig. 

31 X,  312,  496  III. 
Transverse  section,  69.     Fig.  96 
Transverse  tension,  198 
*  Traveller's  tree,'  459 
Tree,  76 

Tree-fern,  Fig.  437 
Tremellini,  282 
Triangular,  95.     Fig.  158 
Triassic  system,  426.     Fig.  543-546 
Tribe,  238 

Tricarpellary.  142.     Fig.  289 
Trichogyne,  253,     Fig.  386 
Trichome,  6i 
Trifid,  100,  125 
Trifoliolate,  xoi.     Fig.  182 
Trilobed,  100.     Fig.  179 
Triniorphism,  x86 
Trisepalous,  125 
Tropical  Andaean  region,  453 
Truffle.  Fig.  394 
Truncate,  97 
Trunk,  76 

Tuber,  79.     Fig.  116-120,  443  IV. 
Tuberaceae,  282.     Fig.  394 
Tuberous  root,  74.     Fig.  xo6,  107 


VEL 

Tubular,  125,  129,  390.     Fig.  244,  499, 

501 
Tubnliflorae,  391.     Fig.  499,  500 
*  Ttindren/  437 

Ttmicated  bulbs,  82.     Fig.  122 
Turbinate,  125.     Fig.  229  i. 
Turgidity,  198 
Twining-stem,  201.     Fig.  113,  1x4 


TJLMACEiE,  374.    Fig.  259 

^     Umbel,   120,  394.     Fig.  220^  221, 

506 
Umbellales,  394 
Umbelliferae,  394.      Fig.  221,  318,  506- 

513 
Umbellule,  120.     Yvg.  221 
Underground  stems,  75.     Fig.  xo8,  115- 

122 
Unger,  5,  6,  419 

Unguiculate,  131.     Fig.  250-255 
Unguis,  X31.    Fig.  250-252 
Umcellular  plants,   55,   248,  261.    Kg. 

59.  8x   380,  381,  383,  384 
Unilocular,    140,    144.      Fig.   296,   298, 

2p9,  325  I-,  326 
Unisexual,  1x2.     Fig.  201,  202 
Unsymmetrical,  107,  124,  223.     Fig.  X56 
Urceolate,  125,  129.     Fig.  229  11.,  241, 

256 
Urodineae,  273,  281 
Uredospore,  273 
Urn.    See  Theca 
Urticacea:,  374.     Fig.  88,  260 
Urticalesi  374 

Ustilaginea:,  281.     Fig.  406,  407 
Utricle,  347 
Utriculariaceae,  382.     Fig.  356 

YACCINIACEiE,  388.     Fig.  24X 
*      Vacuole,  9 
Vaginula,  304 

Valerianaceae,  391.     Fig.  264 
Vallisneria,  185 
Valvate  aestivation,  84,  403,  409.    Fig. 

X 24-1 26 
Variety,  237 
Variety-hybrid,  195 

Vascular    bundle.        See    Fibrovascular 
bundle 

Vascular  bundle-sheath,   309,  369.    Fig. 

438,444,452,  477 
Vascular  cell,  47.     Fig.  478 
Vascular  Cryptogams,  67,  245,  308,  4» 
Vascular  plants,  67 
Vaucheria,  Fig.  384 
*  Vegetable  ivory,'  158,  354 

Vegetable  Palaeontology.       See  Palaco- 

phytology 
Vegetable  pathology,  2x6 

Vegetative  cone.     See  Cone  of  growth 
Vein,  X05  - 

'  Velum  partiale,'  294.     Fig.  392,  393 
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*  Velum  universale/  264.     Fig.  393 
Venation,  105.    Fig.   it  2,  163,  178,  181, 

Ventral  suture,  1^2 
'  Venus's  fly-trap.     See  Dionaea 
Verbenaceae,  384.     Fig.  222,  271 
Vernation,  85.     Fig.  132-137 
Versatile,  140.     Fig.  270 
Verticillaster,  123,  382.     Fig.  489 
Verticillate,  76,  87.     Fig.  139,  211,  418,, 

443  !•*  504 
Vesicular  vessel.    See  Utricular  vessel 

Vessel,  47,  364.     Fig.  69,  75-77,  93,  94, 

474-477 
Vexillary  aestivation,  %^.     Fig.  128 

Vexillum,  132,  40b.     Fig.  253 

Vibratile  cihae,  200,  262.     Fig.  371,  385, 

420  II.,  427  v.,  442 

Vibrio,  259.     Fig.  3«i  11. 

Vine-mildew.     See  Oidium 

Violaceae,  414 

Vittae,  398.     Fig.  509 

Viviparous,  83,  222 

Volatile  oils,  384,  391,  398 

Voltzia,  426.     Fig.  543 

Volvocineae,  256 


'Weeping,'  48 
Welwitschia,  338, 


ZYG 

West  Indian  region,  450 

White  smut,  231 

Whorl,  117.      Fig.  139,  211,  418,  443  i. 


i4^ 


444 


Whorled.    See  Verticillate 

Willow-gall,  233 

Winged,  90,  155-     F>g-  i5»»  i52»  304»  3^9 

Wings.    See  Alae 

Wood,  371 

Wood-cell,  364 

Wood-fibre,  364.     Fig.  93,  474-476,  478 

'Worm-moss,'  255 

Wormwood,  391 


VYLEM,  66,  324,  341.  357,  364.    Fig- 
-^    93,  452.  472  B,  475 


YEAST-FUNGI,  262,  269,  277.     Fig. 
^     402 


7AMITES,  426.     Fig.  545 
^    Zingiberaceae,  348 
Zooglcea,  260.     Fig.  391.  iv. 
Zoosporangium,  268.     Fig.  401 
Zoospore.    See  Swarmspore 
Zygophyllaceae,  407 

Zygospore,  178,  256,  272,  280.     rig.  54, 
404 


Aecidiomycetes,  vii 

Carpospore,  vii 

Carposporeae,  vii 

Chroococcaceae,  vi 

Coleochaeteae,  vii 

Cone  of  growth,  40 

Coremium,  281 

Cyanophyceae,  vi 

Dichotumi,  viii 

Discomycetes,  vii,  283 

Dry  rot,  282 

Ebracteate  (without  bracts) 

Erysipheae,  vii 

Exobasidium,  vii 

Exstipulate  ^without  stipules) 

Filicineae,  vii 

Frondose  Hepaiicae.     See  Thalloid  He- 

paticae 
Growing  point,  ^o,  295,     Fig.  60 
Gymnoascus,  vii 
Ligulata:,  viii 
Mesocarpeae,  vi 


Oosporeae,  vii 

Phylloglosseae,  viii 

I*iptocephalidae,  vii 

Proteid.    See  Albuminoid 

Protophyta,  vi 

Psiloteae,  viii 

Rivularieae,  vi 

Saprogenous  (causing  putrefaction  or 
termentation),  259.  275 

Scytonemeae,  \\ 

Sieve-plate.     See  Sieve-disc 

Sieve-pores  (the  perforations  of  the  sieve- 
discs).  Fig.  72-74. 

Sp>haeroplea,  vii 

Stipulatae,  viii 

Suberisation,  22 

Tigellum  (the  hypocotyledonary  portion 
of  the  stem) 

Utricular  vessel,  50,  341.     Fig.  75 

Zygnemeae,  vi.     Fig.  54 

Zygomycetes,  vii.     Fig.  404 

Zygosporeae,  vi 
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